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RESULTS OF TESTS OF A 

ROCKWELL INTERNATIONAL SPACE SHUTTLE ORBITER 
(-139 CONFIGURATION) 0.0175-SCALE MODEL (NO. 29-0) 

IN AEDC TUNNEL F TO DETERMINE 
HYPERSONIC HEATING EFFECTS (GH11) 

By 

M. Quan, Rockwell International Space Division 

ABSTRACT 

This report presents the results from wind tunnel tests to determine 
hypersonic aerodynamic heating ratefe on a NASA/Rockwell Space Shuttle 
Orb iter. 

The objectives of this test were to determine Mach number effects, 
if any, and to obtain overall heating rate data at high Mach numbers from 
10.5 to 16. The model used was a 0. 0175-scale model built to Rockwell 
Orbiter lines VL70-000139. The model identity number is 29-0. These 
tests, designated OHll , were conducted in the AEDC Tunnel F. 
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INTRODUCTION 


This report presents the test description and data obtained from wind 
tunnel tests conducted to determine hypersonic aerodynamic heating rates on 
a NASA/Rockwell Space Shuttle Qrbiter configuration. Mach number effects 
were of special interest. The NASA/Rockwell number for this test was 0H11 
and the facility project number was VA 354. These tests were conducted 
in Tunnel F of the von Karman Facility at the Arnold Engineering Development 
Center (AEDC) from October 24 through November 2, 1973. 

The model used was an 0.01 75- scale Qrbiter model based on Rockwell 
lines VL70-0Q0139. The number assigned to this model was 29-^0. 


NOMENCLATURE 


Computer 


Symbol 

Printout 

Definition 

B/2 


wing semi span, 8.2 in. 

h 

H 

heat-transfer coefficient determined at a 
particular gauge location, Q/(T aw - T w ) 

h re f 

HREF 

reference heat- transfer coefficient based on test 
section stagnation conditions on a 0.21-in. radius 
hemisphere, QO/{T 0 - T w ) 

^0 

HO 

stagnation enthalpy, Btu/lbm 

h w 


enthalpy at model wall temperature, 134.2 Btu/lbm 


L 

model length, 23,226 in. 

K 

M-INF 

free-stream Mach number 

Po 

PO 

tunnel reservoir pressure, psia 

Po 

POP 

stagnation pressure measured behind the 
free-stream normal shock, psia 

P» 

P-INF 

free-stream static pressure, psia 

* 

q 

Q 

heat-transfer rate, Btu/ft 2 -sec 

Qco 

Q-INF 

free-stream dynamic pressure, psia 

Qo 

QO or Q-0 

stagnation heat-transfer rate on a 0.21-in. 
radius hemisphere. Btu/ft 2 -sec 


Q1-Q89 

heat-transfer gauge designations on model 

Qref 

QREF 

reference heat-transfer rate (same as q 0 ), 
Btu/ft 2 -sec 

Re„/ft 

RE/ FT 

Reynolds number based on free-stream conditions 
and 1-ft length 


RE-L 

Reynolds number based on free-stream conditions 
and the model length of 23,226 in. 
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NOMENCLATURE (Concluded) 


Symbol 

Ro 


CO 



U 


X 

X' 


a 

6 

n 

0 

$ 


Computer 

Printout Definition 

RHO-INF free -stream density, lbm/ft^ 

STO or ST-0 Stanton number for measured hemisphere stagnation 
heat-transfer rate, Q0/[p w (U ra ) (H Q - h w )] 

TO reservoir temperature, °R 

T-INF free-stream static temperature, °R 

adiabatic wall temperature, (T = nTJ 

model wall temperature, ; 540°R 

U-INF free-stream velocity, ft/sec 

axial distance along the model measured from the no 
in. 

axial distance along the model measured from the 
leading edge of the wing, in. 

angle of attack, deg 

local flow deflection angle, a + 0, deg 

1 55 

enthalpy recovery factor, n = 0.867 + 0.133 sin ' 

6 

local model surface angle relative to centerline, 
deg (see Table III) 

angle between a guage and vertical plane through 
the centerline of the model, deg 


NOTE: Reference stagnation conditions (6.; and q ) were measured on a 

0,50-in. radius hemisphere and reference to°a 0.21 -in. radius by 
multiplying by j Q.sq 
■A/ 0.21 


REMARKS 


Wind tunnel tests were conducted on a 0.0175-scale model of the 
Rockwell International Space Shuttle Orbiter to determine aerodynamic 
heating rates on the vehicle. Data from these tests were compared with 
data from other tunnel tests. Since tunnel F has a high Mach number cap- 
ability, it was of special interest to use these data for the determina- 
tion of Mach number effects on heating rates. 

Data were recorded using resistance thermometer slug calorimeters 
and co-axial surface thermocouples. Details on this instrumentation are 
given in the Instrumentation Section. 

Model angles of attack were varied from 25° to 45° with 0° sideslip. 
Nominal Mach number range was from 10.5 to 16 and Reynolds number from 
1.0 to 10.0 x 10 6 /ft. Tunnel F operates using a constant volume reservoir 
with set initial charge densities. Reservoir conditions decay with time 
during each run, resulting in varying Mach and Reynolds numbers over a 
run. Initial reservoir conditions are set so that the sweep in values of 
the tunnel parameters will include the requested Mach/Reynolds number 
combination. The Run Schedule shows the nominal conditions and the 
Reynolds number range in which tabulated data were collected. 

This test is also documented by AEDC report number AEDC-DR -74-16 
(Reference 2) by A. H. Boudreau (ARO, Inc.}. Much of the information con- 
tained in the following text was obtained from that source. In addition, 
the AEDC report contains plots of the data with some comparisons made 
with theory and with data obtained during another test (in tunnel B, also 
at AEDC). 
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CONFIGURATIONS INVESTIGATED 


The model tested was an 0.0175-scale model of the Space Shuttle 
Orbiter built to Rockwell lines VL’70-000139 (designated model number 29-0). 
This model was fabricated from 15-5 PH stainless steel. The wing and 
vertical tail were each built as one solid piece. Exterior contour lines 
followed the control surfaces in a undeflected position. 

Since the model contained no removable, deflectable, or interchange- 
able parts, configuration variations could not be tested. Therefore, 
individual components were not referred to. The run schedule merely lists 
the model by its number, 29-0. However, for information, the following 
nomenclature symbols had been assigned to the components of the configu- 
ration tested. 

B 17 Fuselage body 

C 7 Canopy 

F 5 Body flap 

M 4 OMS pods 

V 7 Vertical tail 

W 107 Wing 

Component geometry is detailed in Table III. 
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INSTRUMENTATION 


Sixty gauges of two types were used to measure heating rates on the 
model surface. Locations of these gauges are shown in Figure 2a. The 
two types of gauges were resistance thermometer slug calorimeters (RT) 
and co-axial surface thermometers (co-ax). 

Fourteen RT gauges were installed on model leeward surfaces. The RT 
gauges were built 0,250-in. diameter to be used where the heat transfer 
rate range was expected to be 0.05 to 50 Btu/ft 2 -sec. These gauges used 
a thin-film platinum resistance thermometer to sense the back surface 
temperature of an aluminum disc, the front of which was flush to the model 
surface. The calorimeters were optimized to measure a given range of 
heat flux by an appropriate selection of the aluminum disc thickness. Un- 
fortunately, since these discs were made flat across their surface, a 
small deviation from model surface contour resulted across the diameter 
of the gauges when they were installed. 

Forty-six 0.125-in. diameter co-ax thermocouple gauges were also used 
on this model. The surface contour of these gauges matched exactly that 
of the model since the thermocouple sensing surface could be worked to 
the model shape and still function properly. These gauges were comprised 
of an electrically insulated chromel wire enclosed in a constantan cylin- 
drical jacket. A thin-film junction was made at the model surface by 
lightly polishing with fine sandpaper. They had a higher operating range 
(5 to 500 Btu/ft 2 -sec. ) than the RT gauges and were placed in areas such 
as the lower surface where higher heating rates were expected. Because 
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INSTRUMENTATION (Concluded) 


they matched the model surface contour so well, they did not cause early 
boundary layer transition with its subsequent higher heating rate. 

Tunnel conditions were monitored using two 1-inch diameter hemisphere- 
cylinders instrumented with slug calorimeters. The hemisphere-cylinders 
were installed at an appropriate distance from the model to eliminate 
shock interference. A pitot probe was located near each hemisphere-cylin- 
der to measure the normal shock stagnation pressure. Test section pitot 
pressures as well as ARC chamber reservoir pressures were measured with 
semiconductor strain-gauge transducers. 
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TEST FACILITY DESCRIPTION 


The Hypervelocity Wind Tunnel (F) is an arc-driven wind tunnel of the 
hotshot type and capable of providing Mach numbers from about 7.5 to 20 

C f. 

over a unit Reynolds number range from 0.05 x 10 to 75 x 10 per foot. 

Test sections of 108-in. diameter (M^ = 14 to 20) and 54-in. diameter 
(M m = 10 to 17) are available using a 4-deg. s half-angle conical nozzle. 

The range of Mach numbers at a particular test station in the conical 
nozzle is obtained by using various throat diameters. The = 8 contoured 
nozzled has a 25-in. exit diameter which connects to the 54-in. diameter 
test section and provides a free-jet exhaust. The test gas can be either 
air or nitrogen. The est gas is confined in either a 2.5 cu. ft. or a 
4,0 cu. ft. arc chamber where it is heated and compressed by an electric 
arc discharge. The increase in pressure results in a diaphram rupture with 
the subsequent flow expansion through the nozzle. Test times are typically 
from 50 to 200 msec. Shadowgraphs and Schlieren coverage are available 
at both test sections. 

This test was conducted in the 54-in. diameter test section of the 
conical nozzle for = 10.1-16.2, Nitrogen was the test gas. The 2.5 

3 

and 4.0 ft arc chambers were used, and useful test times up to approximately 
100 msec, were obtained. 
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TEST PROCEDURE 


Variables for this test were Mach number, Reynolds number, and angle 
of attack. Prior to making a run, these variables were set with the proper 
facility nozzle, throat diameter, arc chamber pressure and sting angle. 

The tunnel was fired with an electric arc discharge. The nitrogen 
within the arc chamber was heated by this discharge and the resultant 
increase in pressure ruptured a diaphram, which released the gas into the 
nozzle. 

As gas left the arc chamber, reservoir pressure declined with a re- 
sulting decay of tunnel parameters. Gauge output was scanned with a digi- 
tal system. Oscillographs were also used to record the output of each 
channel as a back-up and for a quick look at results. As reservoir pres- 
sure declined, timewise scans of data resulted in variations of Reynolds 
number. Thus, a single run contained data for a range of Reynolds numbers. 


T 


DATA REDUCTION 

Output of the heat transfer gauges was converted by AEDC from direct 
functions of temperature vs. time to Q/Q re f and H/H rs f vs. time. Tabula- 
tions of these values for each run are presented in the back of this re- 
port. 

Statements -made below on data uncertainty are based on information 
presented in the AEDC data report for this test, AEDC-DR-74-16 by A. H. 

Boudreau (ARO, Inc.). 

The determination of the free-stream and reservoir conditions was 
based on the measured balues p^, p 0 , and q 0 . Uncertainties for these 
parameters are ±4, ±5, and ±5 percent, respectively, based on calibration 
and data acquisition accuracy as well as uncertainties associated with 
testing under dynamic conditions. Using the Taylor series method of 
error propagation resulted in the following uncertainties in tunnel con- 
ditions: 

Uncertainty (percent) 

±1.5 
±10 
±6 
±6 

±5 

Uncertainties in heat transfer rates (q) were a function of flow con- 
dition, angle of attack, and location on the model. Low heat transfer rates 

1 ' 


Parameter 

Re*,/ ft 
T„ 

Poo 

To 

Ho 


i‘ ; 
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DATA REDUCTION (Continued) 


sometimes approached the limits of the instrumentation, v/hich resulted in 
higher data uncertainties. Bottom centerline gauges 34, 38, 41, 44, 47, 
and 50 (figure 2-a) had low outputs, so pre-amp units were used to boost 
the signal to noise ratio. Separate uncertainty values are provided for 
these gauges. The table below lists the uncertainties in the heat trans- 


fer rates by their location on the model. 
Location of Model Range (Btu/ft 2 -sec) 

Uncertainty (percent) 

Bottom centerline 

q > 5 

+ 9 

(w/o pre-amps) 




q < 5 

+ 15 

Bottom Centerline 

$ > 1 

+ 9 

(w/ pre-amps) 



Bottom of Wing 

q > 5 

+ 9 


q < 5 

+ 15 

Model Upper Surface 

q > 0.2 

+ 9 


q < 0.2 

+ 15 


The uncertainties associated with model data non-dimensional ized with free- 
stream cor Htions (h) or stagnation conditions and free stream (h ref ) are 
based on the uncertainties of tunnel parameters and q's given above. These 
uncertainties are propagated through the appropriate equations by the 
Taylor series method of error propagation to yield the following estimates 
of data uncertainty (T uncertainty considered negligible): 
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DATA REDUCTION (Concluded) 


Parameter Uncertainty (Percent) 


h 

+ 10 

h 

+ 16 

h ref 

+ 6 

q ref 

+ 5 

q/q ref 

+ 10 

q / q re f 

+ 16 

h/ h ref 

+ 12 


h/h ref 


Comments 

for q with + 9 percent uncertainty 
for q with + 15 percent uncertainty 

for q with + 9 percent uncertainty 
for q with + 15 percent uncertainty 
for q with + 9 percent uncertainty 
for q with + 15 percent uncertainty 


+ 17 
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TABLE I 


DATE : Post-test 


TEST CONDITIONS 


MACH NUMBER 


REYNOLDS NUMBER 
(pei foot) 


STAGNATION 
PRESSURE (psi) 


STAGNATION TEMPERATURE 
(degrees Rankine) 


12000 


BALANCE UTILIZED: 


CAPACITY: 


ACCURACY: 


COEFFICIENT 

TOLERANCE: 


COMMENTS: 


Large variation in test conditions during each run. 
Given conditions are approximate. 
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TABLE II. 


DATA SET/RUN NUMBER COLLATION SUMMARY 


DATE : P*ss- firs t*' 



test Run numbers 




















































































TABLE II. - Concluded 




TEST RUN NUMB 









































TABLE III MODEL DIMENSIONAL DATA 


MODEL COMPONENT L body -.b..... 

GENERAL DESCRIPTION ’* Fuselage, 3 conf iguration, lightweight 
orbiter per Rockwell Lines VL70-QQ0139 


...MODEL. .SCALE,; (L.Q1X5 

DRAWING NUMBER : r VL70-oom go 


DIMENSIONS : 

FULL SCALE 

MODEL SCALE 

Length, In. 

1290.3 

22.580 

Max Width > In - 

267.6 

* 

4.683 

Max Depth , i n . 


4.279 

Fineness Ratio 
Area - Ft 2 

- -4.622 

4.822 

Max. Cross-Sectional 
Planform 

Wetted 

Base 

386.67 

6.767 
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TABLE III (CONT’D) 


MODEL COMPONENT i , canopv ~ r 

GENERAL DESCRIPTION *• Confi ^urati^ 3 pc>T Rockwell. Lines 
VL70-000139 


MnnPi qr at p- o ni7s 

DRAWING NUMBER : r VL7p-00Ql39 

DIMENSIONS : FULL SCALE MODEL SCALE 

Length (X q =433 to X Q 578)in.F.S. 145.0 2.53B 

Max Width — 

Max Depth 

Fineness Ratio 

Area _ 

Max. Cross-Sectional . , „ T . 

Planform 

Wetted . 

Base 
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TABLE III (CONT'D) 


MODEL COMPONENT . RpD . Y -PL^.r.-^ 

GENERAL DESCRIPTION • Configuration oer Rockwell Lines 

VL70-000139 


MODEL SCALE: 0.0175 


DRAWING NUMBER : ,yi.aa^QQCLL3a 


DIMENSIONS i 


Length » In. 

Max Width* In* 

Max Depth 
Fineness Ratio 
Area - Ft 2 

Max. Cross-Sectional 
Planform 

Wetted 

Base 


FULL SCALE MODEL SCALE 


84.70 


1.482 


267.6 


4.683 


142 . 5 


0.044 


3 .3. T -Q26. 


0.012 
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TABLE III (CONT'D) 


MODEL COMPONENT QMS POD - M 4 

GENERAL DESCRIPTION *• Confirm rat ion 3 per Rockwell Lines. 

VL70-000I39. 

^JKQTEt identical to excep.t--int e rsectio ii --t.o_fyg.s ., -a.qe. 

-MODEL . SCALE;,- .-0,. QJL75 , 

DRAWING NUMBER *. . vl7,o-ooqi39 


DIMENSIONS : 


FULL SCALE MODEL SCALE 


Length , In. 346.0 6 . 055 

Max Width, In. 108.0 ,...,0.890 

Max Depth , In. 113.0 1.978 

Fineness Ratio — . 

Area .... 

Max. Cross-Sectional — .. . 

Planform 

Wetted - — 

Bose _ ... 


TABLE III (CONT'D) 


MODEL COMPONENT: VERTICAL - V y . 

GEN ERAL DESCRIPTION: Centerline vertical tail, double-ivpdqe airfoil 

with rounded leading edge. 

NOTE; Same as but with manipulator housing removed. 

MODEL SCALE: 0.C175 


DRAWING NUMBER: VL70-000139 


DIMENSIONS; 

FULL SCALE 

MODEL SCALE 

TOTAL DATA 

Area (Theo) - Ft 2 
Planform 

425.92 

0.130 

Span (Theo) - In* 

315.72 

5.525 

Aspect Ratio 

1.675 

1.675 

Rate of Taper 

0.507 

0.507 

Taper Ratio 

0.404 

0.404 

Sveep-Back Angles Degrees. 

Leading Edge 

45.000 

45.000 

Trailing Edge 

26 . 249 

26 . 249 

0-25 Element Line 

41.130 

41.130 

Chords : 

Root (Theo) VP 

268 . 50 

4.699 

Tip (Theo) VP 

108 . 47 

1,898 

MAC 

199.81 

3.497 

Fus. Sta. of .25 MAC 

1463.50 

25.611 

W.P. of .25 MAC 

635.522 

11.116 

B.L. of .25 MAC 

0.00 

0.00 

Airfoil Section 

Leading Wedge Angle - Deg. 

10.00 

10.00 

Trailing Wedge Angle - Deg. 

14.920 

14.920 

Leading Edge Radius 

2.00 

2.00 

Void Area 

13.17 

0.004 

Blanketed Area 

c un 

• Q_t P . 
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TABLE III (CQNL‘D) 



MODEL COMPONENT : WINS-U lc? 

sENERA* DESCRIPTION: — Ca ii f i jiLr^ix3 D.- ^ar ... R QijiaiSLLJ — Lines. VL7O-O0Q3.39B 
-HQIEi — Samr-As . - W^ ^ — ex.cgQt._cuf-f — a.i r_fn.il aOJUL aei4^ q£L^Pfll£. 


MQDEL^C^lfeo^n ■ 01 7*1 

TEST NO. 


DWG. NO. 


DIMENSIONS: 

TOTAL DATA , 

’""“"A'reY '(.Theo . ) Pfr 

Plan form 
Span (Theo In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees , 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: 

Root (Theo) B.P.O.O. 

Tip, (Theo; B.P, ' 

MAC 

Fus, Sta. of ,25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 
EXPOSED DATA . 9 

Area (.theo } Fc 
Span, (Theo) In. BP1GB 
Aspect Ratio 
Taper Ratio 
Chords 

Root BP108 
Tip 1,00 b. 

MAC 2 

Fus, Sta, of ,25 MAC 
W.P, of .25 MAC 
B.L, of .25 MAC 

Airfoil Section (Rockwell Mod NASA) 
XXXX-64 

Root b =* 

t 

Tip b « 

1? 

Data for (1) of (2) Sides 
Leading Edge Cuff o 
pianform Area pt c 

Leading Edge Intersects Fus L« 0 Sta 
leadi'ng Edge Intersects Wing @ Sta 
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FULL-SCALE MODEL SCALE 


■36BCL.0Q. „ 
-33d. .d& , 

2 - 265 . 

L— L7.7. 

— 0L2QQ 
a-soa 

D-SQQ 


-a. 8 24. 
JL6-222. 

p.. •jftq 

— L-JJ.7.. 
£-200— 
-JL5QO. 

-fl-son. 

— 3*.QQ£L 


- 10.240 

-35„.?9P.- 

— Ji 8.9. *&L, 

127. as 

- 10.240 
.35. ,.209- 

-U„0ft,2 

— 2 .412 

8 , 209 

474.81 

11 36.89 

1 9 f RQfi 

290.857.. 

...3.672 

. 782.13 . 

... . 3 .18, 

1752,29 

0.537 .. 

720,68 

12.612 . 

2,058. 

...2.058 ... 

0,245. 

0.245 

562.40 

9.842 

... 137,85 

2.412 

393.03 

6.878 

1184.21 

20.743 

290.683 

5.139 

251.76 

4.406 

O-J&Q- 

-SLIQQ „ .... 


0.130 


0.130 


_5fl£k2Q— -S-Z5I1 

-LQ83^ 18-260. 










































Positive directions of force coefficients, 
moment coefficients, and angles are 
indicated by arrows 

For clarity, origins of wind and stability 
axes have been displaced from the center 
of gravity 



Figure 1. - Axis Systems 
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OH *11 TEST CONFIGURATION 
0.0175 SCALE 


SYMQO U TYPE GfiGS 
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BOTTOM SURFACE — 
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Figure 2.~ 
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:er Model 29-0 
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b. Shuttle 0H11 Installation in the 54-Inch Test Section 

Figure 2. - Concluded. 




a. Side View of Model Installation 


Figure 3. - Model photographs 
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b. Lower Front View of Model Installation 
Figure 3. - Concluded. 
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OATE * 10-23-73"'"" 


.... PROJECT NUPtiEB 4A 354-21FA 

’ ARC* i*> C . 

_ ARNOLD AIR FORCE s|a^ ior* _ Tenn. 

RASA / Rj Oh- 11 SHUTTLE ORBlftH TEST 

HEAT TRANSFER DATA ' (h */‘HhEF) 


Tint 

01 

02 

03 

60 

.. .47299 

.25752 

.16864 

116 

. 4 6 7 0 8 - 

.25o3S" 

. 16o2§ 

120 

•*63u6 

.25920 

.16066 

138 

»*63u4 

.25796 

.16377 

TIRE 

034 

038 

U41 

60 

.04115 

..04002 

.03043 

116 

.04365 

.04392 

.05135 

- ... 12« 

. 04266 

.0**03 

•Q4bd9 

130 

.04320 

.04206 

•04400 


’06 

*13169 

.13676 

.13620 

.1355? 

' 04 A ' 

.03501 

.05719 

.05204 

•04812 


TIME' 

usH 

U63 

U84 

065 

60 

.06332 

.06J07 

„.03sr»2 

.14962 

116 

. 061*1“ 

.05723 

.03246 

.14010 

1 28 

*06198 

.05677 

.0317? 

.14592 

130 

.06193 

.05644 

.03139 

.14620 

TIME 

US 

09 

UU 

Uis 

_ 50 

.02356 

.00812 

•00400 

.03179 

116 

.02416 ' 

*00944 

.00357 

•02911 

128 

.025*3 

.00955 

.00457 

. .02842 

138 

.02449 

.00931 

.00456 

•02d29 


04? " 
_*926S0._ 

•07041 
.06348 
. 05B63 

Qb6 " 
_.09886_ 
•10110 
•09940 
.09595 " 

Q 1 8 

..OQ709 _ 
.00875 
.00909 
.00920 


OB' 

•oesai 

.08684 

• 08740 
;08791 

O5o 

_.0l9o3 
.05116 " 
i 04651 
•04290 

U82 " 

• 07 7oe 
•0/9a5 
.0792a 
.07B&5 

0^1 

.00200 
.00244 ‘ 
i 00242 
.00247 


Olo 

.06241 

•oeiso" 

. .06171 
^06242 

052 

_. 06529 _ 

.06180 

•06124 

.06062 

060 

... 1*068 
• 15616 
.15929 
.16032 

028 

..00183 

.00213 

.00229 

.00220 


" " ‘ QU 
.08752 
•08628" 
.08575 
•08512 

053 

— » 07017 _ 

• 06318 
•06261 

• 0625 7 

069 

.*10510 

.09430 

.09212 

.09036 

G27 

•01401 

.01565 

.01571 

.01401 


' 012 * 013 

_-09035 jO8509_ 

.08995 .08228 

.09109 ;0626S 

.09193 j08279 

054 055 

...0S996_.04202_ 
.05530 .03908 

• 05462 * U4 045 

•0S362 .04144 


016 "023 

.•0.5305 .j}4434_ 

.05302 .05032 

.05355 .05090 

•Q5298 .05143 


070 
_«10043 
.08799 
i 08949 
• 00794 

036 

•00720 

.00702 

•oo7oa 

.00673 


071 

•06997 

Tu 72 u 7 ~ 

107263 

207315 

042 

.00354 

• 00 *b 6 

•U0506 

.00506 


056 

_.04344 

>04572 

•046s8 

• 047 72 

0?2 

_. 04260. 

* 0454 1 
.04599 
•04661 

086 

•00266 
i00322 “ 
•00339 
•00340 


057 

.•0*571 

.04542 

•04485 

•0445B 

O74 

.• 17622 . 

.17605 

•18056 

.10157 


.04243 
. .04289 
.04286 

059 

-•11624. 

.11909 

•11685 

.11453 

079 ‘ 
_.20410„ 
.20745 
.20970 
.21182 


93V" 

.04241 

•0*575 

.04552 

J 04537 * 


026' 

«09095_ 

.08692 

..00946 

.06572 

060 * 
_, 09587 _ 
.09074 
.09247 
.09012 


000 " oar 

09764 .14572. 

.10324 .08809 

.10301 ;0U7b6 

.10374 ^ 06739 




QUALITY 


{ 



hd 

> 

£ 

s 


kJ ( 

r 

{ 


\ ' 

f 

HBflJECt 

lU cj (4 

«UHBEft 

0A354-21FA 



a«0» 1KC 

« 





_aRmJI.D atr force 

STATION. 

TENn* 



NASA /HI Of-U ! 

bHOTTtE OHalTfcrt 

TEST 


H£AT 

TRANSFER 

DATA tO/OREF)' 

*■ 


tire 

01 

C2 

03 

' 06 

07 

— . - 6«0 

.47000 

.24000 

• 15*00 

.U9(io 

.092Q1 

119 

.46400 

•24800 

•15300 

.12300 

.09220 

126 

.■*6000 

.24079 

.15356 

.12250 

.09379 

13a 

.46000 

.23974 

.14900 

.12200 

.09270 

■“ TIHt 

034 

(138 


044 

047' 

, H - 

„ »u3b£0 

_. 1)3520 .O33H0 

-.03150- 

.02311 

119 

.8 3 7c0 

.038.0 

.04*90 

.05000 

.06100 

126 

.037 JO 

.03*50 

.04100 

.04550 

• US5()0 

136 

.03760 

.03660 

. 03oS0 

.0.210 

.85004 

” ' TIRE 

<Jc2 

'■J63 


065 

066 

6.1 

•0?6o0 

.05290 

.03 1 DO 

.13300 

• OHUUO 

116 

.05400 

.05810 

.02790 

.13100 

.08968 

126 

.85450 

.04970 

.02/31 

.12900 

.00800 

13b 

.05450 

•04944 

.02/80 

.12933 

.80500 

nut 

05 

C9 

914 

dl5 

(110 


,.02060 

.00 710,,- 

..00350 

.0278Q 

. .00690 

116 

.02180 

. 00920 

• OOJ ) 0 

.02a 30 

.00760 

12b 

. .8221 0 

.00830 

.00310 

,024 70 

*00798 

I3a 

.02 1 JO 

•OOBlO 

.00310 

.02460 

.08600 


f ~ ■■ 


"00 

_»P7650 

.07700’" 

..•07750 

.07000 

050' 
-.01700- 
.Q44UO 
. ( I * 0 uQ 
.03700 

Jd? 

^.0fcd5g_ 
• 0 7udQ 

. .Otvao 
■ Q69 00 

021 

..001T5 . 
.00212 
*00210 
.00215 


<310 

_»0S527 
.05450 ' 
.05433 
.05500 

" C52 

0 7 1 o o 
.072So 
.07200 
.Ofiso 

66d 

..13250 
.14000 
.14100 
• 14200 

Gi.i 

.OOlto , 
.00105 
.00159 
.OOlOH 


on 

^07750 
.07506 
•07550 
.0 7500 


012 

..08000 

.07920 

•01020 

.08100 


<313 
■07441 
•07l5o" 
1 07200 
.07200 


016 023 

-.04680 «J)39pO_ 

.04650 .04400 

*04696 .04450 

•04650 *04500 


Q53 

054 

t)5S 

056 

05T 

.06200_ 

•05300 

.037)0 _ 

•03810 

—.04000 

.05550 

•04060 

;835oP 

.039c5 

.03950 

• 055a 8 

.04000 

. u3bbO 

.04060 

.03900 

<OS5qO 

.04716 

*03640 

.04162 

.03860 

069 

070 

CI7I 

072 

J74 


. 0 09350 
• Qti350 
.08150 
.08000 

027 
.01225 
.01360 
id 365 
.01288 


*00950 

.07000 

.07932 

*07POO i 

036 

.00630 

•00610 

■00615 

.00585 


• 06200 ,03720 

Iub350 
;06400 
.06450 .04047 


■15700 
*03940 .15bQ0 

•03990 .J6O0O 
■ 16 1 00 


<325 

_»03790_ 

.03710 

.03750 

.03750 

059 

_» 1 Q4oQ_ 
.10600 
.18400 
*10200 

079 

-.16200 - 
• 16400 
*16600 
•16000 


Q26’ 

_.JL0OOO_ 

.07600 

,.07021 

.07500 

060' 
-.08550- 
.ObOSO 
. ■ 06203 
.08000 

080 

„.{)B7gq 

.09150 

.09200 

.09200 


031 * 

.03738 


.04000 
•03980 
‘ .03970 

" 061" 
_.Q7l00_ 
.06900 
.06934 . 
* 098oo 

UB1 ' 
^129b5_ 
« 0 7 7 1>9 
• 07 75p 
^07732 ' 


q 


<342 
.80310 
» U04o5 
•00440 
;oo44 0 


0U6 U99 

-.00250 _.O0 1 11 - 
.00260 .00066 
.00295 . .oooee 

.00296 .00086 


" UATE * 10"?3**73“ * ‘ 

HHOJECI NUWiJER VA354-21FA ~ 

AHO* INC. 

ARAOl.0 AIR FORCE STaTICN*_IENn. 

7~HASA / HI Oi*-U‘ SHUTTLE OHBlTtii TEST 

test conditions “"test sas 'nxtrooem' * *"*"’• * o-o»'$T-&’fiAs£Otf*"'.2i'o'MCtrftM)itfS 

ANut-E Q F ATTACK 35.000 UtG. MODEL. LENGTH 23* 226. .INCHES. 


TTME 

P-TnF 

BrlO-lKF 

T-1nF 

U-IWF 

M-1NF 

Q-INF 

RE/FT 

B£-L 

PO 

TO 

HO 


oo eTu/ 

STO 

POP 

HfiEF 8TU/ 

a 

*stc 

PSU LBM/CU-FT 

i}E6 H' 

Fl/SEC 

PSlA 

*10-6 

X10-6 

PSIA 

DEG fl 

utu/lbh 

SOF T-SEC 


PS 16 

SliFT-SEC 


7u 

• 12750*. 

.00322A 

103.3 

5323 

10.51 

9,650 

6.4744 

12.5312 

673* 

2173 

S.911E 

02 

144.2 

.01637 

18.164 

.0683 . 



10U 

.0834*4 

• (101012 

120,4 

5776 

10*56 

6,519 

3.3880 

6.557* 

5032 

2569 

6»95o£ 

02 

150. B 

.02563 

12.038 

.0743 


no 

. 014*57 

*001596 

122*7 

5020 

10*55.. 

5.845 

2.95HB 

5.7151 

*579 

2618 

7.085E 

02 

1*6.3 

.02737 

10.795 

.0704 

L __ . „. T g 

I3u 

•QS73TO 

•001290 

116.0 

5 721 

10*66 

4,55* 

2.4795 

4.7990 

3760 

2536 

6.820E 

02 

122.6 

.03030 

8.4 06 

.0615 
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BATE ■ 10-23-73 

HBoJEGi nU«0EH VA354-21PA 

ARO, I*C. 

AMKOt .0 atR Fo«C£ sWlON. Term, 

MAS* / R| Of- u shuttle ORHlTtiOtST" 


heat TRANSFER data 111 '/ HrttF)' 


T.JHE 

Oil 

02 '03 

* *W 

(17 

_ 7o 

.56517 

.* 3*565 _ .23022 

_ .,209*0 

.16981 

100 

.53015 

.33459 .220*2 

,19569 

.15933* 

1 1 0 

.33015 

.32720 .22.59 

.19240 

.15601 

130 

.31552 

.31373 .21313 

.10294 

.14845 

TIME 

034 ' 

030 vKiJ 

04*' 

047' 

... 7u 

.12014 

.20004 ,30o9B 

-.32531 

_.3O30g 

100 

.06311 

.09939 .15461 

.20762' 

.23404 

111* 

.067/5 

.00369 .13045. 

.10544 

.20960 

13j 

• 061.6 

»07 07 0 . 1 0o55 

.145*3 

. 1R404 

“ TlM t 

063 

O'* " u65 


00 2 

7 J 

. 3? 7 1 1 

.23.] 72 i 49 j4 7 

.45463 

.34325 

100 

~.ie972 

".15509 .10137* 

.16140* 

a0946 * 

llu 

. L3oeo 

.11720 .15499 

.11*51 

.14063 

13 J 

.11144 

.10007 .14035 

.09023 

.12121 

I|Mt 

015 

Qlft U2) 

J28 

027 

. 70 _ 

_. 06070 

-.00007 .ffOdlS. 

..00073.. 

-.01569 

100 

.06116 

•00019 .00023 

.00076 

.014/7 

llu 

.05972 . 

. 00o29 ,00029 

.00044 

.01476 

13d 

.05033 

.00076 .00234 

• 00 L 1 0 

.01443 


08 

„.14009 
.13 728' 
o 1 3504 
* 126*2 

U5o 

_.226o2 

.17963 

iltftJO 

.15416 

069 

.S04S7_ 

‘.1674e 

.15169 

.13324 


" QlO 
__» 1168* 
.11407 
.11292 

.’n^ses 

‘ 052 ' 

_.135?R 
.11336 ' 
.lue55 

.10031 

070 

.46092 

as257~ 

.11274 

.09593 


Oil 

__»1E342 

• 13820 
•13266 
.12753 

053 

. .17450^ 
•09704 

• 0901 U 
.07006 

072 

.21269 

• 12600 * 
.10234 
.02907 

006 
. - D01 1 9 
.00093 
•00103 
•00136 


012 
-•15763 
• 1458B 

•14252 
• 1371S 

054 

„.2490U„ 

.09144” 

•0757B 

•05962 

074 

.65710 

.42515 

i37O40 

.29443 


013 
.09459 
08759 
* 08394 
.‘00240 

055 

.34502 

:o<m4' 

;Q7038 

•05503 

U?9 

.60700 

T435b6 ~ 

• J7ulS 
^26693 


016' 
1 1? Q 1 0 

•10239 

i099u4 

.00962 

056 
_ .36200 

• 1B277 

•12732 

• 1 0630 

OdO 
.55160 
^45779 
.42260 
•3954 1 


023 

025 

026 

jft9lQ4_ 

.12324 .13323 

.08172 

.11275 

.12037 

^079*7 

*10983 

.11590 

•07623 

. 1 0506 

.10827 

057 

059 " 

Q6L ' 


_»27 150 .35105 

.14113 .13325* 
.12913 .10910 
.11637 .00741 


«r 

-SlPJliflA 

*07060 

•07726 

•07402 

062“ 
,.30O78_ 
.17900 
• 1 4 489 _ 
•10006 


uai 

..54929 

.42932 

.30763 

.31501 


G5 

U9' 

U14 

B 

.(.nos 

_.0}067_ 

•01304 

X 

•Ul! 56 

.00990 

.01328 


.01144 

.00961 

.01344 


.01146 

.00945 

.01420 

_ _M 

ft 






' DATE ** 10~?3"73 

HRO JECI NUHdEfi VA35*“21F.A - 

aRmJLD^MH FORCE. station»_te«n. 

NASA / a i OM- 11 shuttle oroit 6 b test 


rEAT TRANSFER DATA tG/QHEFJ 


Cl 

.SfcSDO 

.53000 

.=>3000 

. 515 j 7 

03* 

.115*2 _ 
,usil& 

.35563 

J63 

.29500 

• 1 7200 
.12590 
,10130 

i)l5 

,05362 . 

• OS 3*2 
»u5220 
.06109 


G2 

• 33i)00 _ 
‘.32:100 
.31300 
. 30U 0 0 

030 ' 
,ltiOU9_ 
" , 09 il 00 

.qtsoo 

,05*00 

06* 
,?C-*00 
,13800 
. 10*35 
.00100 

>11B 

.00700 

.00715 

.00725 

.00765 


03 

• 22 jO 0 __ 
'.21500 
.21100 
.20200 

^*1' 
_,27a30 - 
. 1*000 
, 12 u 00 
,09o26 

M05 
.*5134 
.IboOO 
. 1*100 
• 120*2 

u2l 

• 00 IH 6 _ 
00195 
.00200 
n 0020 * 


"*Q6' 

.19*00 . 

,18200 
.17900 ... 
.17000 

04* 

. 293 o 0 _ 

. iHbno 
.16000 
,13200 

066 

.*15n0_ 

.1*800 

.lo5nfl 

■.09000 

030 

,00063_ 

.0006b 

.00073 

.00016 


Q7 

.15600 
.1*700 
. 1**00 . 
.13692 

0*7" 

_.271Q0_ 

*21000 

,18026 

.16570 

082 

31000.. 
.17200 
.13500 
■ .11000 

Q27 

_,01360_ 

.01290 

.01290 

.01200 


13B" 

• 120 OO _ 
.12600 
. 12*00 
imoo 


U50 ' 

,200oQ_ 

,16000 

.1*800 

,13721 

069 

_.*0Ol»O 

.153*0 

.13900 

.12200 

036 
_. 00308 
.002*7 
.00lo9 
.00139 


— ‘ QIC 
•10600_ 
. 10*00 
.10300 
^09100 

052 

U*00 _ 
. 10*00 
.10000 
.09200 

070 

.*2100 . 
. 1*000 
. 109CO 
.06600 

0*2 
00670 . 
.00376 
,002*5 
.Ol'lBO 


" Dll’ 
• 13918 _ 
•12600 
.12100 
•11623 

053 

. 15800 . 

108900 

.08200 

.07098 


" aiz ' 

_.1*300 

•13300 

.13000 

•12500 

05* 

.22553 . 
.08321 
1q6900 
,05*2* 

G7A' 

.60000 

139000 

13*000 

,27000 

QHQ 

00655. 

.006*0 

.00611 

•00655 


Q13‘ 

• 08200_ 
.07650 
lo7337 
•07200 


‘ 016 Q 23 

.09768 ^02Ofl_ 

.09300 .07*00 

109000 .07200 

108137 .06900 


079 

.65*78 

1*0000 

134000 

12*500 


Q56 

,32500„ 
116500 
111600 
1 09600 

080 

.50*00 

142000 

13H789 

136286 


Q57 

., 266 o 7 _ 

.17096 

.1*000 

.12500 

081 
_.50lQO 
'.39300 
.355c 7 
.20900 


— -Q25 326 031 

• 111 n o .120 00 .09100 

. 1 0210 .10900 .06*00 

.09950 .lOSOO . -07000... 
.O9S10 '.09800 .00700 

Q59 ' ' 061 " 062 ‘ 

,2*9 oO »320 fc 2 j3*500_ 

.13000 .12200 .10300 

.11900 .10000 .13200. 

, li)9oo .oeooo .loooo 

as ' 09 8i*' 

.01 030_.. 00925 »Oi2Q0__ 

.01010 '.00865 ,01100 

.01000 .008*0 .. ,01175.. 

' .01000 ' .00825 .012*0 


ORIGINAL PAGE IS 
OU POOR QUALITY 


i Oft r i f . f err r r r r r 


’”Tft»Tg"**'"¥dii 3*73 

„ ... ADJECT .nuuheh.. >A 3 WrJ 51 FA. 

** 1 flRu* iNe. 

*BnQiO ft TR _FQ6C E STATIO N, TE Nn. 

, .1 nasa / rt on-11 shuttle orbitlr test 


'test co«citioHS ■ test gas nitrogen o-o» st-o based* ON"”'; 2io'iNCM radius 

AN8LE Of AITAC*. 30*000 UFG. '.. ..MODEL LENGTH, 23*22$.. INCHES. 



TIME 

P-INF 

Rrtn-INF 

T- Inf 

U-INF 

M-INF 

O-INF 

RE/FT 

RE-L 

PO 

TO 

HD 

00 HTU/ 

STO 

POP 

hhef btu/ 



MSEC 

PSIA LFtH/CU-FT 

OEG H 

FT/SEC 

PSIA 

*10-6 

*10-6 

PSIA 

OFG R 

BTU/LBM 

SOF T-SEC 

PSIA 

SlFT-SLC 


/ **' 

9^ 

.14(1817 

.004411 

83. 4 

4h9R 

10*76 

11.412 

10.0951 

19.5391 

BOSfi 

1794 

4.997E 02 

121.6 

.01537 

21.014 

♦ 0970 

* 


•#8 

.133/16 

.004003 

8 7*2 

5u06 

10*75 

10-817 

0.9478 

17.3105 

7754 

1890 

5.219E 02 

124;9 

.01606 

19.927 

.0925 



. . 116 

.111546 

*003142 

92.7 

5119 

10.66 

8.877 

6.7576 

13.0794 

639 J 

2004 

5.46oE 02 

123.5 

.01863 

16.356 

.0844 



122 

.l)99;45 

.002834 

91.9 

5134 

10.74 

8. 056 

6.1685 

11.9391 

6941 

2019 

5.4B9E 02 

1 16.6 

.01963 

14.846 

.0802 



J36 

• (185690 

.0(12466 

9 3*/ 

bij9' 

10*73 

. 6.910 . 

_S .3973 

10.4464 

5260 

1998 

5.4 12E 02 

107*6 

.02100 

12.732 

.0/38 

“ 


ISO 

.0/2*46 

.001011 

99. i 

5j2 . 

10.70 

5.843 

3.9753 

7.6942 

4579 

2198 

S.908E 02 

111*0 

*02386 

10.774 

.0670 



.tL 






RUN 4507 


' UATE'*'“Vo-'2S-?3 

. fRqjECj N ytiaEn VA3S.^— J2 1EA. 

ARU*. !&C# 

aRi.ni 0 Atn Fnur f simian. Tc.-u.u 


NAbA / r [ nt*- n shuttle oRuiftii test “ 

heat tra<vsf£h data "(h / hhef!" 

T ’ T * £ " cs in U6' 

«3946g *35g69 ,23134 _ ,19875 

* 3 * SS3 .23l«R 

11** - . b «lS2. 4 349(i 3 ,23o9ft ..,20293 

*58315 «3*6i0 #229d<» «2 q274 

^ - •S < >1£2. .34798 ., ,23/47 ,l«5?flB 

15j ,56139 .35045 ,23197 .19779 


Tint 334 
... 94... , 2 em 
9a .25443 
..lib... .laoaS 
122 ,I c 05b 

— lUSu. tll4J9^. 

1 5o .09311 

Tl*fc'"‘ Oe3 
.. 94 .35040 

9d ,3?d44 

_L16 ,?9170_ 

122 .25663 

-.136... ,!99q? 

ISO .ie /12 


(JHt U 14 

94 , 01 po8_ 

9d .01341 
116 . .00904 

122 .00592 

13b. ,Qf|rtS 6 

ISO .009QS 


u29 
. .30391 
.29419 
.23215 
.20376 
-jL5^6_ 

• 1 2« 05 

Ub4 
.22777 
.22350 ‘ 
_.19272_ 

.17595 

• 1^043 
.14071 

u 15 

-*05 ! 9 3 _ 
.061 16 
.04943 
.04771 
.04653 
.04023 


U4 1 

. .326«3 
. 32j7? 
.28^91 
• 25-.71 
_.?0JH7 

.i5fae 

U65 

,.5l4H5 

.4730? 

_.2rt9H4 

.24d37 ' 
. * 1 2*. 60 
.15609 

Jlfl 

_*00a69__ 

• ooooo” 

• 0Qo57 

• OOdb 1 
.00634 
. 00 H 1 Q 


U 44 

.32365 
.320 n 
,29444 
.27395 
_,23445_ 
. 19172 

066 

,40004 

.46491 

32296 

.27016 

.219/7 

.16155 

,.00306 
.00305 “ 
.003ii2 
.00299 
.00296 
.00233 


07 '00 '01 o* 

^»1S60* ,13794 .n303_ 

,15567 .13758 .11215 * 

. .15972 .13834 , 1 0566 

.15702 ,13662 „t045 0 

.15806 . ,13668 .10117 

,15475 .13561 .09853 

047 U5j> 053~" 
,31082 .12197 .22440 

.30752 .17235 .20451 

•28250 . 13841 .13973 

.27040 *13390 ,12841 

..24708 .1235) • 10401 

.21519 .12034 .06408 


082 U69 (J70 

. .36348 .43283 ,5325o 

.35563 .35510 .4934b 

, *31506 .19234,.. ,32364 

«2912'4 .15874 .26664 

•23040 . .10874 .13220 

.17486 .10918 ,09949 

028 027 ‘ 036 

.•00126 .01B2g_, 007 E2 

.00123 .01791 ,00773 

.00120 .01726 *00765 

•00120 .01726 ,Ou77o 

*00121 .01738 .00762 

.00122 .01836 ,00646 


Oil" 

„.1*242__ 

•14Q90 

.13713 

*13618 

•13602 

.13436 

05 ~ 
•30243 
.28011 
•20047 
•1 7451 
-•11264 _ 
•0605U 

07> 

.45739 

•44711 

.39919 

.35365 

•21452 

•12616 


012 

_j15355_ 

.14991 

•15174 

.15169 

•15176 

.15115 

055" 
•37318 
. 36000 
•29209 
.25470 
.15452 
•11232 


013* 
-•10079 
.09 767* 
. .09732 
.09706 
*09966 
iu92B0 

356 

*37613 

.37082 

.J2609 

.30372 

.23864 

• 19 120 ~ 


016 Qj3' 

-j.1112 6 ,1 4127 

.10754 .13062 

. ,.09fl2g_ . 1Q645 

.08686 .09915 

. . 095/9 .oaoes 

.07996 .07121 


0'2'S Q2'6* 

_J 8.3.74 tl33B6_ 

.12494 . 1306? 

.,11761..., 12514 
.11603 .12396 ' 

•11722 .12459 

.11954 .12123 


ear 

_.205g7_ 

.'muss 

•14495 

.11958' 

•09061 

.08120 


072 U/4 

•22528 .62623 

.22246 .01563 

•21014 is8052. 

•19521 .66693 

•16219 .53704 

•12847 ^5038/ 


04 2 

-•00415. 

.00419 
■ .00452 
•00475 

•00510 

•00542 


066 UD8 

.-•001 59 OQ 89 3 
•00158 .00866 

• 0(1162 • 008 23 

•00162 >00828 
.00172 .00830 

•00182 , 00836 


057 
• 28197 
.27994 
.25742 
.23786 
— -22198_ 
. 19062 

0/9 
.56192 
•44003 
,27659 _ 
*26246 
•259d9 
•26114 

089 

_*0Q252_ 
.00244 
• 00220 .. 
•00200 
.00195 
.00194 


059' 
. .34063 . 
.31556 
•21700 
.19/73 
164<,9 _ 
• 141]0 

ueo 

.47127 
.46556 
.•42973 _ 
.41534 
.39853 
.37367 


060* 
, .34972 
.32422 
.21075 
.17947 
,.13383 

.11999 

UHl 

.52076 

.52285 

-•*9gil_ 

.47250 

.45436 

.41582 


U6 1 
.37991 
.36449 
•22935 
.20131 
-.14546 
• lc261 

05 

.01739 

.01756 

•01807 

.01030 

.01877 

.01925 


RUN 4507 


■uAfr *"vo-^a-?3 

rrujECt MUH0ER...vA354i£U:A 

«Rt>» JSC. 

aRmIi 0 ATR FORCE 5*aTtQn. T E W h » 

n*5A / RI OH-H SHUTTLE ARBITER TEST 


h£AT TRANSFER DATA "IQ/OREFj 


time 

01 

C2 

94 

,59500 

.32061 

9b 

.69000 

,32600 

1 1 6 

,59000 

.32000 

122 

.5P166 

.32539 

136 . 

,59000 

,32700 

J5ti 

.56000 

.33000 

—rmr~ 

Oj4 

(jjfl 

9<fc 

,23500 

.26676 

9a 

.22400 

.25900 


116 ,16600 » 2Q5 00 

122 .133J0 .1*000 

L?5 ilfllOQ .14 3 00. 

ISO .uAIOO .ItOCO 


.... ,jg *- jj 7 Q8 - 

2 1 2 QH 5.1 fl 0.00 -J A CD Q sl2.3O.0_ 

. 21300 .10050 .16000 .12300 

,21bOO ,1«461 .14400 „• 12400. 

.21160 .18049 .14161 .12250 

.21B45 .18000 *l4?4B ...12250 

.21**00 ,18050 .14000 .12200 

"ij4i 3 ^ O 47 052 

.2Bcoq ..204 oo .27000 -1621? 

.28500 .28200 .26800 .15400 

• 25t>05 . • 26000 «247oO . *12400 

.22500 .242no .23658 .12000 

_» 1 B u aa_ _.20 7 QO.v_,2l600_»110°4 

.14000 .17000 .18900 .lfld^l 


“ 


94 

... .350110 _ 

.196QD 

.46200 

,.42S;o 

.32000 

■ 

9b 

.25037 

,19300 

.42330 

.406JQ 

.3J400 

• 

1 16 .?£80Q J67oo_ 

.,25400. 

.28900 

_. 27900_, 

122 

,2? ?00 

.15600 

,22200 

.24900 

.25300 

• 

136 

. .176J0-. 

..13900 

.16500 

.19664 

- .2fl4O0 


1 5c 

.1661* 

.12253 

,14896 

. 14510 

.15540 

* 

"Time 

gi4 ' 

015 

Ulfl 

' 8?1 

(J28 


94 .00915 

_«lj445o 

_,0O74S 

1 0 0 2 6 2 

-•00108. 

? 

96 

.00845 

.04400 

.00/40 

.00262 

.00106 

■ 

116 

-.00 780 

,.Q4ieo 

.00 7*0 

.00261 

. .00104 

• 

122. 

» 00 7 f 0 

.04120 

.00/35 

.00269 

.00104 

• 

13b 

- » 00 7b5 . 

. . C4fl5o 

.00/20 

.00246 

. .00104 

• 

150 

. 00 765 

.04010 

.00720 

• 0 02f)3 

•00106 

• 


oier 

_2.1 0 0 0 1L_ 
,09950 
.09*00 
.09300 
.09000 
.08800 

Q53~ 
.19800 
.18132 
. l24flo 
.11400 
_.093 qO- 
.07491 

QTfl 

,47500 

.44100 

..29000,. 

.23900 

.11844 

.06948 

036 

.0067 J. 
.00665 
.00660 
.00668 
.00675 
.00660 


‘ Oil' " 012 

.1260 (1 .13 585 

,12500 .13300 

.12200 .13500 

.12120 .13500 

.12100 ..13500 
.12000 .13600 


054 
•267q0 
,24800 
. 17000 . 
.15500 
.♦ 10000 .. 
.05400 

871 

,40500 

.397ou 

.,35544 

,J15oO 

.19099 

.11277 


* '055 

.329Q0 
.31900 
.25900 
.22600 
•13700- 
.10000 

072 
.19600 
.19416 
..,184 00.. 
.moo 
.14200 
.11300 

(386 
.•00176 
.00136 
• 00 1 40 
.00140 
.001 48 
.001 58 


" 013' 
_ i 08637_ 
.08400 
.08400 
^08450 
.08600 
.00050 

056“ 
.32900 
.32536 
.28700 
•26741 
^21000 . 
.16900 

074 
.55800 
.55000 
..52000 . 
.50800 
,48100 
j45300 

000 

.00765 . 
.00745 

• 00 7 1 0 
.00715 
.00716 
.00725 


'“"016' Q23T '025“ 

.0960 0 .12 400 .-lJjQO- 

.09500 .11500 .11000 

.0R700 .09400 lo385 

.07699 ".08759 .10250 

.07600 .07130 .. .10350 . 

.07113 .06315 .1 06(10 

057 Q59 060" 

•246Q0 .30500 ,.31200. 

.24500 .28326 .29QO0 

.22600 -19&O0 .18900 

.20093 ,17800 .16100 

, 19485 _ . I48g 1 _,12fl00 
.16000 .12742 .10000 

Q79 ' QaO 081 

,49230 ,42000 .47000 

.39352 .41600 ,4b6o0 

, 24 000 385q0 . 43000 . 

.23541 ,37222 .42240 

.23300 .35700 ...40600 

.23500 .33600 .37300 


089 ' 
or 2 16 _ 
■ 0 0 2 1 0 
•00190 . 
.00180 
•00168- 
.00168 


Q26' 

.117 50 

.11500 

.11050 

.10950 

., 11000 . 

,10750 

061” 

.33775 

.31600 

.21500 

.mooo 

,.13000 . 

.11000 

05 

.01490 

.01510 

_.0lS60. 

.01580 

,01620 

,01670 




DATE *>' 10-2E-73 * 

PROJECT NUMBER M35*rgJFA . < 

ARC* lhC. 

hHaOLO ATR fO«CE STATICM* T£Nh* ■ ■ - a 

NASA /"rt[ OR- if tHUTlLE ORBJTfcrt TEST 

TEST CCNClUONS' * ‘TEST' GAS NITROGEN' O-Oi 5T-0 8ASE0TIN "i210 INCH WA0IU5 ** 

ANGLE °F A] TACK 30.000 UEG. \ .MODEL ".EhGTH 23.226 INCHES a 


TJHt 

P-INF 

RnO-lAF 

T-InF 

U-InF h-inf 

O-INF 

RE2FT 

RE-L 

PO 

TO HO 00 BTU/ 

STO 

POP hhef bto/ 

« 

' Hbtc 

•'sn i 

L0H/CU-F1 

DEG H 

FT/SEC 

PSIA 

*10-6 

*10-6 

PSIA 

oeo S~ uTO/lbh sqft-sec 


P5U suFY^Ttc 


a u 

*166341 

• {Ji)4o35 

03./ 

5109 10*77 

13.509 

10*0148 

19.3826 

9666 

2030 5.629E 02 159.4 . 

01542 

24.905 .1070 

. . * 

102 

.126676 

«O03j£0 

110*4 

5543 10*58 

10.105 

£.9679 

li*£5C9 

7277 

2347 6.407E 02 165-2 . 

91927 

18.648 *0914 


tot 

*1 1*30*2 

#002673 

10B»2 

5613 10*63 

9,418 

£.7032 

11.0365 

6944 

2326 6.33&E 02 156.8 , 

"1901 

17.360 .0*378 

It 

• 124 

.ae96j2 

•002326 

loo*9 

5j74 10*73 

7.241 

4.8270 

9.3426 

56*3 

2224 6.Q14E 02 127.1 . 

02174 

13.356 .0754 


]3u 

.076233 

*002164 

93.6 

5[j26 10*84 

6.433 

4.7547 

9.2027 

521? ' 

2105 5.684E 02 111.6 . 

02248 

11.260 .0713 

. __ X 













* a 


a 


• OATS a 10-25-73 

KROjECT NURdEH UA354-21FA 
' «H<7. i«c. 

_ ARNOLD AIR FORCE sTA T IONa T ENn . 

<i*bA / flj OH-11 SHUTTLE CRBlTcHYtST 

HEAf TRANSFER DATA -tv/ HREF) 


Cl 

.62159 

.601*6 

.67055 

.55024 

.594*2 

<)34 
.30331 
.15635 
. 142*4 
.11272 
.11136 

Jc2 - 
.48438 
.37023 
.3*120 
.27336 
. .26*53 _ 

89 
• 00 j 63 
.00636 
. OOdlO 
*J0 *22 
.00*36 


C2 

• 3 7 **5_ 

,35*55 
. 350C6 
• 3*606 
. . 3250* 

G30 

"'.33160 ' 
.20609 
• 1**66 
.1*653 
.133*7 

C63 ~ 
.3*566 
.3236* 
.30*0* 
.2*7*5 
i 2396 1_ 

*14 
.00932 
.00662 
•00651 
.00630.. 
• OOoh 1 


03 
236*2 
i2360 7~ 
.23 M)4 
.23157 
• 22*66 

u4 1 

.35moP~ 

. 260*6 

.24/34 

,2066a 
• 10077 ‘ 

u 6 * 

.25139 

.213*6 

.20a?3 

.I7a72 

..16603.. 

*15 
.05117 
.0*6*5 
a 0*o35 

_a 0*6 ** 
a 0*662 






06 

' 07 

08 

010 

•2o9d6 

.17294 

.15499 

.13480 

.20*52 

.16325 

.1*307 

.11616 

.20129 

. 15998 

.13067 

.11173 

.19069 

.15105 

. 13232 

a 11)344 

.17069 

.15107 

...13138 

«09fi47 

0*4 

Q47 

U0O 

Q52 

.35497 

.35431 

'. 2221)0 ' 

.20294 

.20008 

.27077 

.19106 

.1**25 

.26330 

• 26750 

.10732 

•13763 

.21 755 

•22B73 

. 16006 

. 12*83 

.20*20 

.22361 

* 156*6 

.12030 

OhS 

” ' 066 

u82~ 

069 


a57l}*5 

.31146 

.26*31 

.21*36 

..2*82L 

*tP 
.00057 
.00016 
.00005 
. ^ ;d 66_. 
.00611“ 


.53610 

.34213 

.29739 

.21476 

-.21523 

0^1 

.00333 

.00296 

.002*1 

.*00273„ 

.00269 


. .43901 
.3*320 
.32432 

.239*4 

_.229*o 

U2H 

.00109 

. .001 lo 
*00112 

.00120 

,00122 


,*0P22 

.22230 

.16301 

* l 3363 
-,l*5C7 

C27 

.02107 

.02069 

.02047 

_.02QOQ_ 

• 0 15E? 


on 

17524 

•1*173 

.14002 

il35?3 

a 13459 

Cl53_ 

.25330“ 

.14090 

•13663 

.11442 

*H5al 

070" 

.55770 

.26073 

•21126 

.15094 

.16102 

036 
.00753 
.00004 
.00005 
•00766. _ 
.oo7eo 


012 

17861_ 

.15679 

.15977 

.15620 

.15304 

□ 54 

.31516 ~ 
. 1*247 
il75 7* 

• 12334 
‘12362 

071' 
•5)155 
.35312 
•31269 
•!H?27 
.19024 _ 

042 
.0O44Z 
.00470 
. 00* 77 
.;00507..„ 
.00520 


013 
.11*61 
. i 0600 

• 10497 
•1002* 
jovazl 

*55 
' .39690 
•26666 
Z24bS7 
.*19423 

* 1056 7 

" ~ 072 ' 
. 20061 
j21099 

• 1 9 74b 

* 150 00 

. tl5l99. 

066 

•00140 

•00131 

•00130 

.‘00167 

.00172 


i - 016 

023 

025 

.13762 .ISlfiS 

.15844 

.1076* 

.09098 

.12485 

.10207 

.08799 

.12377 

.09215 

.08466 

.123*9 

•090u9 

•00328 

.12428 

Q06 

057 

C59 

»*36yg 

.32056 

.37761 

*32722 

•20161 

.2*640 

.30927 

.26363 

•22o57 

»25Ru 7 

•2)076 

. 16603 

.24937 

•21703 

.17734 

0/4 

□ 79' 

900' 

• 6<i7|5‘ 

.66079 

.49765 

.=67j8 

.29547 

.42363 

.07511 

•?H6o6 

.41059 

.53124 

.25609 

.37769 

...•5020.3 _ 

•2* ia&_ 

_»3eVB3 . 

Oed 

009 


.00991 

• 003 | 6 


•00979 

.00215 


.009*2 

•00205 


_ • 0fl934 

* 0 0 1 £ 8_ 



OE6* *031“ 

.16 29 7 .215 03 

.13727 TyZZS\ 
.13540 .11252 

.12737 ;ilO09 
•12B24 .0*039 

U6Q 

.40567 .424*0 

.22725 • g466 7 

.20514 ' ;21691 
..16436 ,17714 

,16693 il0660 

uui or 
.,56171 .. .017*4 
,4915* . 0 1 0 lb 

.47720 . .01017 
.429*9 .01 BQ* 

-a*O 715 ._Iol 0 Q 2 _ 




DATE a' 1 0-25-73 

KftujECT NUMBER 9A354-21FA 

' arc. i^c. 

ARMJlO air FCHCE S T A*ICt|, TENNj 

kasa / rj o»— n shuttle uHuiitR test 

HEAT TRANSFER DATA (O/QMEFJ 


T!t*£ 

Cl 

' C2 

Q3 

06" 

07 

738" 

aio" 

" ail 

tiu 

*62000 

.35200 

.2101)5 

.19100 

.15600 

.13900 

.12000 

.15600 

102 

.toouo 

.33900 

.22(100 

. IflToo 

.14800 

.12900 .10400 

;i2689 

100 

.:M16 

.33ooo 

.21900 

.18*00 

.14500 

• 12500 

.10000 

.12532 

IE* 

,666/6 

.3260J 

.21369 

* 00 

.13671 

111909 

.092*3 

.12083 

130 

.69262 

. 30560 

, .21161 

.16284 

.136*6 

.11800 

.06719 

.12000 

TIME 

U3* 

U30 

w4) 

<1*4 

0*7 

u5o 

052 

053 

UJ 

.atduO 

.29300 

.31(20 

.31365 

.31000 

.1527* 

'.loisi 1 

.22500 

toa 

.13900 

.10500 

.23CO0 

.24900 

.23845 

. leTOO 

.16000 

.13300 

106 

. 1 2659 

.17300 

•22u60 

.23400 

.23552 

.16307 

.12*00 

*12200 

I ZAp 

« i oooo 

•13000 

.18336 

.19300 

.20160 

.1*000 

.11230 

>10200 

130 

• V^^OO 

.1101* 

•16uU0 

.19516 

.19600 

.13665 

. loBOO 

.10300 

T|Mt ' 

062 

*63 

u64~ 

J65 " 

~ 066' 

u02" 

" Q£9 

070 

. 0u 

.*30k0 

.36000 

•21a0g 

.51000 . 

•48000 

.36900 

.410C0 

.50000 

1 02 

.33106 

•26031 

.16o*3 

.28000 

.50800 

*3060 0 

.20000 

.2260 0 

106 

.if'SOO 

.27500 

. 1791* 

.26000 

.26764 

.22900 

.16460 

.19036 

12* 

.24397 

.21961 

.15310 

.19043 

.19300 

.21300 

.12000 

.1*300 

_ . 1 3 J 

.2*000 _ 

.21253 

1 40vQ _ 

_.2222*_. 

.19300.. 

-.20*04 

»13000 . 

.14*57 

Tint 

uv 

d|* 

915 

**t H 

C21 

U28 

1*2 7 

036 

HD 

.007*6 

.00605 

•04*20 

.007*0 

.00268 

.00094 

.01020 

.00650 

102 

.00727 

.00750 

.04(165 

.007)0 

.00259 

.00096 

• 0 1 BC 0 

.00699 

106 

• uO 7 7* 

.007*0 

.0*0*9 

.00710 

.00253 

.00097 

.01760 

.00700 

1 3<» 

• U 0 1< (J 0 

.00720 

_.0*o22 

_.007fl0_ 

..00237 ,00104 

.01736 

•00665 

1 3j 

.00010 

.00728 

.0*225 

•007n2 

.00233 

.00106 

• 0 1 72 0 

.00675 


U 

• It 


012 

Q13 

016 

023 

025 

026 

031 

— 

.15900 

.09900 

__ .12200 

_ •_l 3 *0O 

■1*000 

.1**00 

•19000 

a 

.14216 

.09300 

•09600 

.08000 

• moo 

.12204 

.10900 


•1*300 

.09130 

.09100 

..07820 

.11000 

.12041 

iloooo 


.13957 

»U8700 

.08201 

.07511 

.11000 

.11300 

.09020 


•13645 

.08500 

.08000 

.07371 

.11000 

.11350 

.00000 

u 

054 

U55 

056 

Q57 

059 

060 

Ubl 

tk 

.28000 

.35*00 

.38*00 

.20900 

.3*000 

.36*00 

.00000 


.17200 

.23800 

.29000 

.2*900 

.22300 

.20500 

« 22200 

u 

.15700 

.22000 

.27*00 

• 233 u 1 

.20500 

.16500 

•19500 


*11000 

.17300 

.22022 

.19300 

. . 1 dOOO 

.1*000 

.15900 

a 

.11000 

•16500 

•22000 

•19100 

.15590 

.15000 

.16900 


071 

“ 072 

~ " 07*‘ 

975 " 

OfiO “ 

vluT 

ab 

u 

.45576 

•2502b 

.58000 

.60000 

.4*609 

.50227 

•01550 


.31641 

.19051 

.5)109 

.266*6 

.30179 

.4*203 

.01580 


.2HOOO 

.17*10 

.5] Bu7 

.£579* 

.3.-993 

•*?900 

.01580 

u 

.16300 

.13200 

•*77bl 

>23236 

.33976 

•3c58d 

.01570 


..J6975 

.133*2 

_. *5] 33 

—•21658. 

_«33200_ 

.36461 . .01560 

tl 

042 

086 

OhB 






.00782 

.00120 

.00770 

•00273 





.00*09 

.00114 

.00051 

.00187 




« 

.00415 

•U0120 

.0 0Po2 

.00176 





_,004*0_ 

001*5. 

. . OOP 1 1 _ 

_.00l6? 





*00450 

.001*9 

.00825 

.01)160 






- 


i 


r 



r 

i 


( 


» UAT£"« 1 0-2 5“ 73' — 

HRUJgCT NUHiJER...M35*”21FA 

INC. 

AH,»fil 0 MR FORCE ,51 aTI OH. T EN N , 

1 NASA t fit Ot*-U SHUTTLE OfiHlTtR TEST 



u 

* 

,n * 


*■ ' test CONGll IONS ' TfST GAS" NITROGEN Q-oT 5T-O"0«EO'T3N' ISIS' I^CH'HAEjlUS 

ANGLE Of attack, 30*000 U£G« .... MODEL LENGTH. 23*226.. INCHES, « 



T I M t 

P-IhF 

RHO-INF 

T-lNF 

U-INF H-TNF 

0-1NF BE/FT 

RE-L 

PO 

TO HO 


QO 8TU/ 

STO 

POP 

HhEF bto/ 



• 

H«EC 

PSU LBM/CU-FT 

OEG fi 

FT/5EC 

PS1A X10-S 

*10-6 

PSTA 

OEG R BTU/L8M 

SQFT-SEC 


PSU 

SOFT«SEC 




02 


.004692 

BS,* 

*917 10.67 

12.231 10.5220 

20.3653 

8286 

IfiOS 5.03UE 

02 

127.4 

.01493 

22.523 

.1005 


...LI 

»' J ■ ' 

90 

.131423 

.003495 

92. y 

5151 10.72 

10.572 7.9B30 

15.*5tl 

7633 

2015 5.S27E 

02 

137.3 

.01721 

19.486 

.0931 




104 

• 1 144 y9 

• 0 02972 

100.3 

5 J 1 7 10*64 

9.059 6.1218 

11.0408 

6577 

2168 S.892E 

02 

137.6 

.01912 

16.705 

.0846 



...U 

1 

l2u 

.093422 

.002432 

92.6 

5145 10.72 

7.514 5.6005 

u.oioi 

5651 

2034 5.514E 

02 

115.3 

.02038 

13.847 

.0772 




M 



■”"«J AT£"*' ' Vo-?5-?3 

HRajECj.. NUMfjEH„.yA3£4rZlFft. .. 

' ARU* |K C , 

A hM 3LD, ALR_£CHCE_SlAllflfii_l£.NH» 

' NAsa / r r flH-n shuttle ohbiter test 


heat trai.sfer'oata’ "(H / Hh£F> 

Tint ul C 2 qV 

— “2 «MA P I_4 H»? 09 £3 u.l 

9(3 .59151 .33515 .2228? 

.,15* 5f 4*2.^,33399... ,2 |bfl) 

120 .53$a7 .30048 .20040 


TIME U3* Q3B u<n 

— 0i__*2Z>}3^L— ,32(10* »36flO_ 

9o .21511 .2b*27 .3217ft 

... 10*. ...1*595, ..,21375 ,27124 

120 .tllel • 1 6975 ,23o51 

*T I M t 0&2 (.63 - ‘ «ft4 

— a S .■*^gjg t39?n_^,?6i32_ 

*0 .41 0 U 1 . 3b? 7 ft ,23ij73 

10* .. _,346o0 ,31329 ,20ofift 

120 .31718 ,26764 .18/95 

T 1 "•£ "" g9 0 14 (.15 

... *3 . 0081* .01003 .n4an5 

9J ,unfta7 .00057 .0*0=16 

. 10* .. ,0O7«3 ,»0UH15 .0*499 

I2l> . 00 74 3 ,00603 ,0*bl5 


,10«O3 .15*1* 

..,17979 ...,1459a 
.17744 .1*419 

U44 047 

-.35523 .33361- 

.32040 .29776 

.28323 .26*31 

*2561 o .23972 

0*5 966 

. ,*6 1 14 ,53435 

, 31 3?9 .424 1 7 ~ 

,251(10 .33864 

.21514 .28254 

U18 021 ' 

j00861 • 00330 _ 

.00776 .00309 

•007h2 .00279 

.00741 .00237 


.13106 

.,12734. 

.12153 


iJlo" dll 012 U13 '01 fi (J23 ”'“* Q25' — ”"S&6~ 

jil 5 e t— ,1525 3 — *14*?6 sJ.05§5 .1134 9 .116(5 .13 9 3 5 .15 316 

.10675 .13485 .15366 .09961 .10156 .09057 ,12737 ,13699 

.10060 _ .12364 ...14339 . .09690 ...09336 ...07673 ..,11640 ..,12694 

.09267 .12303 .14153 .09*92 .08459 .07095 .11400 .12330 


U50 

-,22861 . 
.20*74 
.17799 
.16151 

UB2 

-,*12 < *9^ 

.37516 

.31734 

.27200 


052 ' 

053 

Q54 

055 

056 

057 

Q69 

" 060 

— 

(1*25*-. 

-,18570 

—,29305. 

—•394*7. 

—.43079 ,32*22. 

— .32263 

—.37535 


■ 1339 1 

♦13969 

•22102 

•32133 

.36122 

.28042 

.22219 

.20923 


■ 11572 

.122*0 

•16163 

.24275 

•3?029 

. .25157 

. .18612 

.OU097 

» 

■ 12493 

.10134 

.11255 

• 101320 

.29747 

.23446 

.15063 

.16003 

m 

069 

070 

Q71 

072 

074 

Q79 

OHO 

001 

... 

3687<L_. 

•58311 

_(52373 

* 29335 

_.690ft4 

,63076 

,49575 

..,56915 


2124 ) 

.40952 

• 4h=i68 

.25096 

.59910 

.42763 

.4<,dft2 

.50B37 


17835 

•28925 

.36930 

.22003 

• 5S643 

.26445 

.39970 

,45564 


11462 

.22306 

.30752 

.18523 

.5203* 

.24 1 0 1 

.36000 

.41463 

■ 1 

027 

036 

042 

Ofift 

O 08 

Qa9 


- 

... 

018*6 _ 

*00770. 

—•00397 

.00162 

_* 00051. 

»0025i. 




01753 

.00758 

.00397 

.00159 

.00790 

.00229 




01638 

.00743 

>00421 

.00152 

.00761 

•00217 




01520 

.00671 

.00301 

.00144 

.00764 

.00160 





G 
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UATfT** i 0“25“ T 3 

... t'HtiJECT NUW(J£R„.yA3a4r21J:ft. 

* AHU, IhC. 

, Ag^LiJ_Al R FORCE STATfCH. TE 8 », 

HAii / flj 0 *-ll SHUTTLE OUBITfcH TEST 


B 


II 


.V 



f*EAT TRANSF^fj OATA"lQ/OHEF» 


1 “*” 

‘ H«t 

01 

C2 

■' ‘ 03 

" 06 

ur 

08 

oio 

on 

012’ 

013” 

016 

* 023* 

QaS 

U26 

03 1' 


— 

82 

i* COO R 

_-1350(L_j S 211OJL. 

1*000 

.12200 

• 1025(1. 

.13500 .14600 .09050 

. lOOOQ 

.102(10 .12180 





90 

.55000 

*31500 

.20503 

.17200 

•13900 

.11750 

.09500 

.12000 

• 1 367* 

.08600 

*09000 

•ohooq 

• 112S0 - 

*l?LoO 

.11000 

,.n^ 

r*" 

10* 

,5*00 0. 

,30500 

. .19900.. 

.16*00 

... .13200. 

.11450 

.08980 

•11037 

..•12800 

.08*00 

.08300 

.06800 

.10500 

.11250 

.08200 



I2u 

,53*5 1 

•?9000 

•18990 

.16150 

•13007 

•10900 

.08250 

.1102* 

.12600 

• 082qQ 

.07*99 

•06270 

.10081 

.10895 

”•06*31 


i**'* 

“ Tjhe 

03* 

638 

U*f 

J44 

0*7 

<350 

052 

Q53 

05* 

(155 ' 

" 056 

057 ‘ 

as9 

(160 

CJ65 ” 


• 

S£. *2**“B .?firfgR __,32<;39 ,3)200 

...29000. 

j 1?700. 

] 3600. 

16*0 0. 

_ ,25000 

.34792 

_.3t70Q_ 


.335(10 

.385(10 



▼n 

.15000 

,2*(58 

,28*21 

* 2n J f> f) 


.17762 

.16000 

.12*00 

.19700 

.28500 

.31800 

.25- * 

.20000 

.lc773 

•25200 



10* 

..I32UO 

. • 1 0 6 Y 7, 

.24039 

.251ao 

.23200 

.15500 

.10*00 

.10900 

. 1**00 

.21600 

.29000 

.22170 

,16800 

.17(100 

.210(1(1 



120 

» j9dtil 

.15(1 (JO 

.20900 

.22030 

.20976 

.1*019 

.11200 

.09000 

• 10000 

•167qo 

.26200 

.20600 

.1*2H* 

.1*181 

•18900 



time 

‘J62 

063 

U6A 

965 

Q66 

Ud2 

069 

U7D 

071 

072 

9/* 

079 

060 

001 

05 

.. u 



— l*q 8*2 ij*5oa.^223oo„. 

51000 

_.475ha_, 36331. 

32*15 

,52000 

_«*6*00.. 

.25535 

,58000.. 

,57000 

.,**200 

»50612 

•ol*en 



9(1 

. 40 

*3 1200 

•ZQuOO 

•28000 

.37967 

.33231 

.19000 

•367o* 

. * | *75 

•226 82 

.53676 

.383*4 

•*02a2 

.*5**3 

,01**3 

“~ a 


....JO 1 ' 

. .3u^0Q 

...p /600 

■1 S UOO 

.225(10 

.30*00 

. £<26200 

.16000 

.26000 

.33(100 

.193*0 

,50000 

.23706 

.35922 

.*0051 

.01509 



12u 

.20200 

.23700 

• 1 6 J00 

.19236 

.263(10 

.2*104 

.10257 

•20000 

.27400 

.16232 

.*6639 

.21623 

.32273 

.37083 

.01*2* 


* 

“Tint 

09 

01* 

U15 

JIB 

021 

U26 

027 

(136 

0*2 

Uflb 

088 

099 



.. ■ • 

— u 


»<L- 

*QG69H *00*tQ ,0*120 ,00*30 

.00203., 

_.QQ0»£. 

.01503 

-.,00660 

• (HI 3*0 

. a f) 1 39 


1 00 ? l5 







* UQbil 

.00740 

■ 0*o20 

.00670 

.00267 

.00090 

,0151* 

.00655 

.003*3 

.0013/ 

•0Q682 

.00190 




— *• 

— 

.... 10“ 

,006/9 

...00706 

,03900 

,00678 

.002*2 

. .00093 

,01*20 

.006** 

.00165 

•UQ132 

.00660 

,00108 






120 

.U06“2 

.00694 

,03900 

. Q06*0 

■ 0o2o5 

.00097 

.01313 

.00580 

.00329 

.00124 

.00660 

.001*5 



, . , ......... 



tf 


r \\ 


a 




.it 


ir‘ 


,.n 


n‘ 


.» h 


l»" 



* 

l 


PUN"45D9 







( 


' iflCT£"S“*l o.?e-}3 

„ ^PRlijECJ. NU«HER„.VA356r21fA 

* ARU* ^c. „ ' » 

aH nOi.O AT R FARCE STflTion, T£N N« • % - 

' NAfcA / ri gh-u shuttle oRBiTtft test 



TEST COnoTUOnS Test Gas NITROGEN Q-0'.'ST-0''8ASEO'Ofr" ;;Ma 'TNCH'RADlUS ~ 

ANGLE of AITAC* 30.000 ll£G. „.«0D6 l LENGTH 23.226._1HiCkEs_ 



TIHE 

P-fNF RHG-UF 

T-InF 

U-1NF H"INF 

Q-INF 

RE/FT RE-L 

PO 

TO HO 


oo aTu/ 

STO 

POP 

href btu/ 

- it 


hEEC 

HSIa LB4/CU-FT 

DEG H 

FT/SEC 

P51A 

*10-6 *10-6 

P51 A 

OEG B 8TU/LBH 

SOFT-SEC 


PSlA 56FT-5EC 



70 

.1226M .003455 

103.9 

5j51 10.53 

7.523 

6.1906 11.9818 

6623 

2197 S.973E 

02 

144.1 

.01884 

17.563 

.osro 




100 

.079150 .002171 

95.2 

522R 10.75 

6.39A 

4.6427 0.5859 

5007 

2111 5.692E 

02 

111.5 

.02256 

11.794 

.0710 



122 

.0o53o9 .0O1HE0 

90. a 

3103 10.74 

5.279 

4.1152 7.5649 

4161 

2016 5.424E 

02 

94.3 

.02406 

9.727 

,0639 



132 

,053544 ,001700 

09.9 

5j77 10*77 

4.752 

3.7805 7.3172 

3319 

1997 5.368E 

02 

38.1 

.02519 

8.755 

.0605 



140 

.05i3jj5 1.091517 

9 4.7 5196 10.71 

4.416 

3.2414 6.2733 

3536 2101 5.625E 

02 

91.0 

.02693 

a. 139 

.0583 


— 


* 





- 



• 

-■ 



J1 



*v 





.<1 

.11 


[ 


*1 


ci 



.(t 


Ci 


JT 


>(T 


71 
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... i ’ ROjeCi ’ nyw.6 ,. J ?„ . yA35 . 4r . 21fA 
' a « u , I h c . 


— *R?OlD„AI«L£!IBCE_$ t A t IC n. T F hm,. 
NAsa / at OH-n Shuttle oHantu 


. _J 

*1 


OKflITttt TEST 
h£A!' TRa\sFt.R "data " (m'V hhEf) 




Time - 
IiL 


100 

.12?. 

132 

Tl«k 


To 

..IQu 

122 

..132. 

1*0 


1 1 ME 

... *0 

100 

.122 
132 
_ l*u 


n«t 

In' 

..ion 

122 

J3?_ 

1*0 


uT 

.54 13* 
*5 J 630 
.51632 
• 5?<j35 
.=32*7 


03 4 _ 

.13533 
. 0>* 3o0 
•op-al 
. OP 155 
.064‘jO 


C2 03' 

_«32??1 

.30025 .201 294 

,31789 ,?043l 

.31353 ,20:>46 

,30980 ..,?0o22 


u4 l 

.25/67 



Of Cl'6 Clo 

■J5033 .J2703 ^9965 

.13726 .11912 fo H 972~ 

.. i3Aia _.» iia23 , 09iEa 
.13534 .12051 ,0921a 

,13513 .11747 ...,09165 


..12199 , 2 0 0 9 7 

. 1211 * . 1 8o a a 

..11213 .17-4? 

■ 1 0282 .16-97 


<Jc2 i.6 3 
,3?233 ,2B24l 

• IPO 79 , J93P9 

.17215 , J 7 1) 7 2 

,167/3 ,16064 

^- Hjg2_,,Jbgg 



_ Q47 Ob'o J52 

•25163 .1535- ,1*903 

,222*4 .,I5l'7fl .,09913 
•21267 .1*639 ,OVfc=g 

. 2r.47fr .13539 ,0«s'3l 

• 19967 .13226 .008(30 


69 U 1* 

.007*9' . fiOOfi? 

.00/16 .00797 

.007*7 *00793 

.J"771 .00780 

1 D07e6 . 0Q75 * 



J]fl 
.00732 
.00739 
• 007RR 
00 7flfl 
.00/62 


066 
.3507] 
•16016 
.13293 
• 1229* 
_.lfl336, 

U21 

. 002 ** 

.00236 

.00232 

..00226 

.00229 


06?" 

.3030* 

.19715 

.15354 

.134*0 

_.12 750_ 

U2R 
’.000UI 
. .00102 
. 0011 * 
..00115 
.00114 


C69 
,21613 
.07699 
.0/267 
.0/(146 
Q6564 _ 

027 

.01642 ‘ 
.01617 

•0166R 
.01669 
.01606 ' 


air 

_.J 2f>76_ 

.mo* 

.. 11*62 

.11635 

.11*16 

— Qt ’ 3 - 
.r*7n3 
.00093 
•07773 
.07*33 
•0) 191 

U70 — 
.31272 
.11136 
.001*5 
.06747 
-»062 3 1_ 


'012 013' 

_ *1*33 1. .0 9107 

• 12795 .oe'J5tT 
...13115, .08571 

.13153 .08575 

.*’656. ,08149 

_ 054 055 

• I 7 R 1 7 .23363' 

• 08852 . .1406* 

.0754* .13529 

.07033 . 12239 

• .06345 .11929 


071 
.36510 
•17965 
.12126 
■ 1M09 
.» 0 R 1 6 9 _ 


072 
.2137a 
■I 14352 
. 099 33 
.06601 
_iOH232 


'Ql6‘ 

_*.0955S_ 
.00067 
.00519 
.08579 
. . 0O3B4 

05 6 _ 

•25908 

.23574 

.21695 

.20796 

.19271 

— 0/4“ 

.53750 
.54697 
,*?9&9 
.37962 
..32534 


02 sr 

.0 9586 

.07*S6~ 

...QH2g8 

.08361" 

. .Q7922 

057_ 

•2*723 

• 20781 .. 
•19470 

. • J 0569 

• 176*4 

079' 

.26670 

.23960 

.23618 

.23647 

-.23932- 


— - 02S - 

_.J1 165 
.09252" 
.10*55 
.09613 
. .09*91 

_ 059 

.21261" 
..12753 
•12331 
.12225 
.11979 

OflO" 
.4 05 3* 
.35 j()B 
.35125 
.3371* 
..33003 . 


026 Ml" 

. .l? 293 .J0375 

.loOSO . 07230 " 

..10102 .07964 

.09967 io 77 o2 
..10150 .,.07833 


060 061 

.22110 .23853' 

-.10356 .11722 




►luS91 

•Iv463 
.10205 

081 
.,*6376 
.**351 .01571 

,.3»603 .01587 

•37*91 .01622 

..36831 .01502 


.... u 


.10626 
•10583 
.09689 

^ 

0156J 


036 

•00692 

.00647 

<1*2 

(JH6 

086 

.00715 

.00715 

089 


<00464 

•00151 

•00193 * ' 

• 00 1*1 


• 00&()3 
.00601 “ 

• 0(1*17 
.00393 

• 00 1 6 7 
.00176 
•00183 

.00729 
.00753. 

.00167 

. *00161 


.00768 

•00186 


. 

- * 

... 

.. .. 

.... 





»• 








*UATE = ‘ V0-?£“?3” 

hRi)jECt NU“HEfl.„¥A 3 a*r 2 lKA- 

'aru. i*c. T T 

PQ^CS STa IICM i t E»H« 

NA 5 A / R 1 OH-U SHUTTLE OKBtTtfl TEST 


I 

» o? 


Hf.AT TRANSFfcR'OATA '{O/QHeF) 

"MS Jin” Oil QiS"" 0 T 3 Ol'S 02 ? 

Tint Ul cs <J3 _‘ 16 ., c „« flHQnn 1 i qn n .12800 -0790Q s.QBSOQ 5_OR5 oO_ 

,560 00 *31 DO Q -20<Jna — AZZnO — — 4if? l 5 — 'nouao — '09972 ^1*00 i0723J .07166 .06600 

$5K 3SS :1KR ..:KS SL.: ; j is;;; -;S5! :SK!!-- 

:5hh.; : i”SS. :1«S ,.:iS8..:laS .*.»•»! -.:iSS! :!ias 

Tirf;r-^TS— 

:!«!■ ■:•»«!: :iis: : : i;; : ;:;i l :KS :SS! :!»! :i3B ;1SS 

:K?s§ :i«SS ■:!;”! ». jim«_ 

562 u04 J6S . '*'’ 6 , 114DD 2^123 .32615 .10600 .60131 .26000 

.201S1...25076 .10653 .25000 *60000 IlOOOO . 16032 .. 12000 .60100 .21S36 

':!iiS :!8S :!iJ3 : *>« :SS : : «• *°:;is iffis :2BS :!!!!5 

„ ae o 2 7 036 062 UH 6 0 * 8 ... Qp9 

; U 0650 .00700 .03032 .0.015 ' '.0O|« .««»• ; ;j«‘ ^ ^ SSI" . SS" SSlM 

•:uss :k:is -sis: :s ! : L- b ':b::_::ss sss jsjs jss.:u«. 

^OO,|^OOO|a^.3.O M 0OO O^ 05__. 0 0 iSlllS .00520 .00360 .00150 .00605 .OOlOl 


TIME 
7 t 


It 

132 

.169Q0 , 


UltL- 

_ 145B6—- 


Time 

U9 

**' * 

7o 

■ 0{|6bD * 


100 

, 1)0620 . . 

n 

122 

,0o6*t5 . 


■31TUU Q C Jr ‘> ..I* ' ■- . - 

.5?5U0 .29500 .IR*™ .iS6pO *12200 .jO^O 

,S3113 ,?9JS3. .i?O0Q . ,15572 . . .12205 ...10560 

UJ4 u*)0 U6J U44 067 U&0,_ 

TT 7 JflO rT'bioa .22068 . 25593 .22100 *J ^93 

07»yQ .10'OQ .17790 ,20600 .19500 *13200 

.07500 .10/CO .lt>6(10 .19600 .1P600 

*07200 .099^0 .157*00 *18001 ,.179qo ..laOOO 

* 06 1 93 .o^loo . 1 660(1 .19037 *17500 .11500 

jt,2 U63 ' u&4 965 U66 9<J2 
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uAT£*'1Q-3e-73 

hRujECt NUHrttR,. 0A35W1EA. 

AR'J. l^C. 

..ARr.Outf AIR, /Once 3JjJ 

hasa / »I OH-11 Shuttle 0 HmTtn test 


iest coNbiiioNS 

AN'lLf C? AITACk 30.OQQ 


"TeSTGAS'n HAUGEN * 0"Oi ST-0 BASED ON *‘2i0 INCH HaOIUS 

yEG. MODEL lEnOJh 23.220 INCHES 
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• ' OAte * 10-3D-Y1 m 

t*0lf jECl r^ywHtH VA35*T21fA 

*R“'. l*C. - “ 

*I» FnflqE STfrTicw. TeNn . 

NAbii / »! hh*-i ; ShUTTUE 0»h! T tH TEST • “ * — ■ 

H£At TRANSFER DaTa 1h i HhCfI - - * - 
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■" tJATE ■" 10-30*73 

0ROJECT NUwheR . VA35*r21»iA.„,.-.. 

aRu v t^Ct 

_ A*MLU AIR F£^C£_SlA T i.C4L»_I£NN. _ 

kasa / ri oh-u shuttle oruiTur test 
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uATE « 10-3W3'””” 

ffiOJECT hTJKiJEO.. *A3SA-21FA 

*Bli, |NC. 

4 IR FORCE STATION* T£Nw. 

NASA / nr Of- 11 ' SHUTTLE OHBlTtR TEST 

TEST ConuIUOnS Ye$T~ <S £5 NITROGEN 

ANGLE CF ATTACK 30.000 uFG. 

TJMt P-INF RHO-IKF T-INF U— IN F H-INF Q- [ NF BE/FT RE-L PO TO HO OO 6 TU/ STO POP Hn£ F BTU/ 

'"‘MSEC " PS I A L 8 M/CU-FT DEG H FT/SEC PSIA * 10-6 * 10-6 PStA DEG R BTU/LBH SOFT-^EC PSlA StJFT-SEC 


U2 .035325 .001164 78-1 6420 14.59 5.274 ...3.7973 7.3*97 17360 2926 6.445E 02 174.5 .03226 9,77l .0731 j> 

0 66 .034062 -001126 Bl.i 6625 14.52 5.159 3.5i*S 6.8n23 16H9? 3016 8.703E 02 179.6 .03326 9.560 .0726 

£3 106 .o3?I*61 .0000*3 91. U 6606 14.31 4, 709 . 2.7466 . 5.3! 61 ... 15289 3285 9.476E 02 194.3 .03720 8.732 .07flB o 

^ * 126 .029625 ,000772 100*2 7„a6 14. ?0 4.179 2.1259 4.1|46 13H49 3560 1-027E 03 201*9 .0*131 7.754 .0669 

S3 16Q -5026338. . 000635-1(10*3 7239. 13.95 __3.5B9 1*6537 3.2007 llSaS — 3735_1 .q73E_Q3„197*3__,04S67 6.661 .06JJB .« 
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0-0. Sr-O 'BASEO Otf -iaio VNCM BADIUS”” 
HOOEL LENGTH 23.226 .INCHES 



uaTe '* JO-31-73' 

«U“6ER._ YA3S4-.21FA . ... 

i^e, - — 

A»f.OLO *tR.Fnf?CL.ST A Tj£N, tekn. 

nasa / hj oM-u shuttle ORoiTtij test - 

heat transfer data y hkefj * — 
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nasa t r i Of— u Shuttle ormtlr test 

AT TMAhSFEH QATA (Q/OKEF) 
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► uATE « 10-31-73 

PROJECT nU«HER„ Vfl35*r2l£A 

! AfiO, l^C. 

ARNOLD AIR FI*HCE_S T A T tCN* Tenn,„ 

NASA / RI 0«— n SHUTTLE OHBiTdH VEST 

TEST COnuIIIQuS ' * TEST' ISA'S NITROGEN * Q-0» ' 5T-0 BASED' C** ‘'"‘;2iO''INC8'77Al)lUS'‘~ * 

angle CF ATTACK 20.000 U^G. ... . ... .. MODEL LENGTH 23*236 INCHES ... * 

1 ‘ ------ -'■ ■***• ' * ----- 

TIME P-INF RmO-IKF T-InF U-I NF M-INF Q-INF PE/F T BE -t. P O TO HO 00 BU> / STO P OP H REF BTU/ „ 

■ MiEC. ‘ P5U L0M/OJ-FT DEG ft FT/SEC PSIA *10-6 *10-6 PSIA DEG R BTU/LBrt SOFT-SEC PS I A SuFT-SEC 

llu .O3H0 4 .000707 7 q*1 6 U 02 1A.3S 3.056 . 2*6263 6*0831 . 9680 2633 7.368E 02 111*7 .03922 5.655 ,0529 .« 

12u *02(1160 .000675 78*0 6206 14.28 2.276 2*1193 4*1019 9220 2H99 8*084E 02 ]21*4 *062*0 5.324 .0515 

1 3o *015131 *000575 Bf*i) 6392 14*18 2.695 1*6981 3.2R67 8789 3170 B.B93E 02 133*6 *04662 4.994 , .0508 .* 

174 *016696 .OpO-t’5 105*1 7y64 13*82 2.233 1*0866 2*1032 7 q92 3625 1*0H3E 03 146.7 *05630 4.142 ,0*76 
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UATg « 10"3J*73" ‘ 

HfiujECT NUK(JE« . VA354!*21FA 

aRU. i\C. 

. ARMILU-AIR F . QRCt . S / AJIMs-lENMi 

NASA / hi OH-11 shuttle orbiter test 
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aRO. ihC. 

AttMlLO AIR FCkCE STATION. TENii. . 

NASA / PI Op-11 SHUTTLE OHhITlH TE»I 
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Q-0* ST-0' BASED' 0N”"‘. 210 ‘TNCH'HADIUB'”’ 

MODEL LENGTH 23.226 INCHES 


TIME 

P-INF RhO-INF 

T-1nF 

U-INF M-lNF 

O-INF 

HE/FT 

OE-L 

PO 

TO 

HO 


00 Htu/ 

STO 

POP 

href btu/ 

a 

m£*LC~ 

P S 1 A LHH/CU-FT 

"L'EG h 

FI/5EC 

PSIA 

A10-6 

' Klh-6 

PStA 

DFG R 

tmVLUM 

SOFT-SEC 


PSIA 

SOFT-SEC 


96 

.OllJotl .000 a 0? 

73. u 

6*45 16.22 

2.002 . 

1.4745 

2.e539 

13021 

3421 

9.B17E 

02 

135.2 

.05707 

3.0B2 

.0469 



1 1* 

. 0 1 r ?c0 .000341 

9fl.U 

7o42 15.40 

2.145 

1.0352 

2.0036 

12029 

4106 

1.I41E 

03 

171. B 

.06245 

3a 906 

• Q4U2 

* 


.Oli^QA .000272 

114. A 

0112 15.21 

1.029 

.7510 . 

1.4535 

10015 

4609 

1.342E 

03 

191 = 1 

.07170 

3.567 

*0470 




•UATE ■ 10 - 3 J-J 3 ' — 

. HKOjECr ^UUrtEH »A354-2 ifa 

AROf I^C, 

AMNOLO A]R FQ.wCE_SlAtlQf>. TE NN. 

nasa / R I Ok-h Shuttle CHhlTtR TEST 


HEAI TftANSFth DATA ' (H / HrtEFT 


TlMfe 

cr 

’ C2 

‘ ‘ " i>3 

9b 

. 63 1**0 

• 3b4 C2 

^24 7)5 

1 lo 

. 6 1 132 

.35615 

.24271 

, .... 146 

.60 12 7 

•34255 

.24 U 95 

n«t 

UJ4 

938 

U*1 

‘ 4 0 

. 1C064 

.10461 

.10/95 

JIB 

.?90e2 

.• Q9 76 0 

.09/60 

146 

.09300 

.06. 1 4 

• 07jf)7 

Tl«t 

962 

' 46 3 

ufaA 

. . 9b 

. ItbOB .. 

•144=1 

.0Oc54 

118 

. 11 744 

•12167 

.0b*H4 

14b 

0969b _ 

. • Qo h 2 6 _ 

--•64/2L 

TIME 

U5 

G9 

9 1 4 

96 

• 0 1 924 

•OoaLT 

.00760 

11a 

.01910 

* 00 75 l 

.00 791 

146 

•31906 

.00767 

.00626 


"V<? <iy 'Ufl Glo' 


air 

012 

013 

016 

023 

025 

j. 16477,. 

_» 17693 

® 1.1 0 0 7_ 

.13461 

•12943 

.13077 

• 15763 

•16534 

•10623 

.12499 

•12422 

.12477 

• 148^6 

• 15847 

.09539 

.12974 

•11071 

.11769 

053 

054 

U55 

056 

057 

059 

•10860 

.10246 

•14284 

.16741 

•13900 

.16964 

• 3 06p4 _ 

_*10.357_ 

H8M2 

„« 1 3 34 6 

•11701 

•17205 

• l 0* 70 

.08961 

• 0781 3 

.07836 

•06706 

.15i79 


*1 4568 . 121/2 . 1/445 

.*11538 sJJV] 13_*16979_ 


U69 
•11035 
• 12625 
_* 1 3 r> 1 9 

U27 

.01607 

.01562 

•01466 


070 U7l 

-10091 .09635 

*10404 *09296 

..■10285 ...^UOOOl. 

036 U42 

*00444 .U0426 

•00373 • 0Q3H4 

•00350 *00361 


072 ' 074 

• 05717 .. .19709 
•05249 .20059 

050 1 6 » 1 6 6 0 £.. 

007 086 

•00130 .01240 

•Ooloi .01017 
.00009 .00970 


079 Q80 ' oar 

.24716 .12092 .23684 

.25570 . 124 72 .16254 

-•34604 ,11763 .126 67 


-- -.*-***--. 



0KKSBTAL PAGE IS 


f 



-1 

( ‘ ( if * r * i 


i r 





UftTS » 10-31-73 

rHOjECT NUMWEH 
AKUr INC. 

ARNOLD air fchce 

0A35*-21FA 













station. 

TEN*. 













A / 1 

HI n»— li : 

SHUrrtE OMHlTtrt 

TEiT 



‘ 









hFAT 

TRANSFER 

DATA lO/nueF)" 

— 




• 




- 






riHE 

Cl 

Ce 

03 

136 ‘ 

or 

Ofl 

■ ■ 010' 

■ on 

■ 018 

— QJ3 

■ 016 

*023 

025" 

026 

03T 

9b 

.03000 

.3*5C0 

*23uCIO 

.10900 

.15203 

.13500 

.11360 

.14900 

.16000 

.09700 

.12130 

.11630 

.11750 

.12500 

.11000 

lie 

.61000 

.3*000 

• 22o IH 

.16000 

.15000 

.13094 

.10660 

•14300 

.15000 

•09*00 

.11300 

. 1 1200~ 

.11250" 

•11500 

.10500 

i^e 

•fcOudO 

.32500 

.22300 

.17700 

.14500 

...13000 

.11000 

.13500 

•1*400 

.08459 

.11750 

.10000 

.10630 

,.10500. 

. .09300. 

n«t 

034 


u41 

944 

04 7 

950 

«52 

053 

054 

U55 

Q56 

057 

059 

060 

061 

9b 

.09001) 

.09*00 

.09/00 

.09900 

.09600 

*07100 

• 1 0926 

.09800 

»09?50 

.12800 

.15000 

.12500 

■;i5*9i 

■'.12960' 

.13500 

11b 

.09000 

.OhhoO 

.OBrtUO 

.oaano 

.09100 

.OfcouO 

.10250 

.09600 

.09380 

• ID 760 

.12(100 

.10500 

.15756 

.13000 

.12500 

1*8 

.ue-too 

.0 ffctO 

. ObollO 

.06200 

.06000 

.0*000 

.10500 

.09495 

.09130 

.07001 

.07059 

.06029 

.14289 

.11750 

. 11000" 

•* • TIME 

J62 

063 

«64 

065 ’ 

Q66‘ 

" QU2 

C6fl 

069 

070 

971 

Q72 

07* 

079 

' ' oao 

' 081' 

9b 

.15000 

.13000 

.07300 

.16400 

.1 3HOO 

.11800 

.16000 

. 1 0760 

•Inooo 

.08900 

.051(10 

*16000 

.22500 

.11000 

•21500 

lie 

.l?St>u 

.1 UOO 

.obeno 

.16470 

.13260 

.1 louo 

.15900 

.11502 

•09494 

•08*38 

•0*?O0 

.18300 

.233*0 

.11380 

".14000 

__ 1 Aft 

.USHoO. 

.0 ?duO 

.0*200 

_ ? 1*_'75_ 

.10534 

.06250 

_.l&son 

•11 HUO 

. ; 09400_ 

.08184 

0*5(10 

.17000 

.22500 

.1 0750_ 

• 1 1571_ 

TIME 

Ii5 

CO 

Ol* 

915 

(310 

021 

02B 

027 

036 

8*2 

087 

066 




9b 

.01 7uO 

.00720 

•00o70 

.03200 

.00620 

.00190 

.00150 

.01416 

.00391 

.00375 

.00115 

■olios 



"" ‘ 

lie 

•OlovO 

.00700 

.oofno 

. ,02780 

.00800 

.00201 

»0U 1 55 

.01*00 

.00330 

.00340 

.00089 

.00900 




‘ 1 AH 

.01690 

•OOoBO 

•00*66 

.02550 

.00766 

.00197 

,00157 

•01300 

.00310 

•00320 

.00079 

.00660 







m .K 


,11 


,H « 


,11 

,14 








39 


I 


,1 


RUN 45lf" 


UAIE * 10-31-73 ’’ 

PROJECT NU>>t3ER 7A35A-11FA . .. . .. „ ... ■ 

AR>. INC. 

_ ARNOLD ai» FCHCE_S7A.UQNt_TENN. « 

NASA / Ht OH-n SHUTTLE OHeiTtfl TEST 


TEST COnuII IQnS TfST 6 AS NITROGEN' “ ‘ 0-0. ST-0 BASEO 0N' “ .210 1 NCH' R AOIUS' 

ANGLE CF AITACA 35,000 uEG. , MODEL LENGTH 23.226 INCHES 


TIME 

P-JNF 

PnO-INF 

T-InF 

U-1NF M-INE 

0-1NF 

PE/FT 

PE-L 

PC 

TO 

HO 


00 BTlf/ 

STO 

POP 

hpef bt 0/ 

•'SEC 

t-SU LflM/CO-FT 

OEb R 

FT/SEC 

PSJ A 

*10-6 

XlO-6 

PS I A 

OFG R 

HTU/LUH 

SOFT-SE; 


PS I A 

SuFT-SEC 

b<> 

„qfcP16S 

• Ufilfcl* 

100»& 

5fj(j8 11.61 

5.R69 

3*6290 

7.CP39 

68*1 

2556 

6.98&E 

02 

1*3.9 

.02719 

10.8*5 

■ 07J* ... 

7 u 

.0*9112 

.UOlt‘6* 

120*3 

6jl4 11.5* 

* .576 

2.1725 


5670 

3000 

8.258E 

02 

157. 5 

.03386 

8.467 

.06*0 

96 

•03P310 

•oooreo 

128. J 

6527 1J,S6 

3.582 

1.5452 

2.991)6 

*706 

3198 

8.82*£ 

02 

152.3 

.03996 

6.632 

.0573 

118 

•031HS7 

• 000726 

UA.7 

6159 1J.5* 

2,960 

l.sinn 

2.9396 

3769 

2890 

7.859E 

02 

118.5 

.0*064 

5**9 1 

.050* 



T- - ^ ! 


-1 U3 f ^3 l .J I _2 f .. 3 f _ 3 I ( 





UAlE * 10-31-73 

♦'HujeCT MJurfEfl. .YA355-21FA. 

AflU* IKC* 

- *«'0L0 AIR rCRCE_SlAUCyj_l£Ntl* 

«AbA / bi oK-ii shuttle ORoiTtR test 

HF*! TRANSFER' DATA (Q/QHEFi 


Tine 

01 

C? 

03 

<)6 

07 

'' "Ob' 

oio 

oil 

012 

013 

016 

023 

025 

026 

oil 

60 

-|59Q00. 

-.3*000 

,j ?5jia„.jL5iBao .l*ooo j.usoo. 

-*15000 

— *16000. 

— *092(30 — *i075G . «105nQ. .12000 .12500 .09200 

7<i 

.Sbbji 

.31303 

.21SOO 

.10090 

m 15200 

.13579 

.11250 

•13000 

.15000 

□ U 8600 

.loooo 

*09250 

.11101 

.1)500 

>07000 

9h 

.5|9/3 

.29000 

•20*51 

.16935 

■ 1*391 . 

..12*52 

.1057? 

•12*95 

.13*36 

. 077q0 

•09500 

• O05nQ 

*1q500 

•10500 

.067 no 

lib 

.S332J 

.28932 

.20663 

.1650* 

.1*126 

•12230 

•10000 

*12537 

.13355 

.07592 

.09500 

.06271 

. 1 0500 

. Ic561 

*07200 


U3* 

038 

<J*1 ' 

U44 

0*7 ' 

050 

052 

053 

05* 

U55 

056 

057 

059 

060 

061 

— 6j 

.10000. 

.QbeOQ. 

__.i06oa_ 

-.lb?-:" .23861 

J U961__.112*0 

_ ..00500 

—.10750 

-.1617* 

_.22026 

.225oQ 

.160 00 ■ 1*000 

.15000 

Iti 

.U72S0 

.06927 

.06400 

.070*10 

.09390 

.07000 

.09060 

.08197 

.07295 

.06608 

.05000 

.09500 

.12358 

.0*000 

,0907b 

96 

.0*750 

.06500 

. U6u0O 

.065oo 

.087*0 

.070*5 

.09500 

.07500 

.06500 

.06000 

.06500 

.07500 

.11500 

. .09000 

.00000 

lib 

.065UO 

.06006 

.05215 

.0*631 

.05956 

.0*000 

. 09*5h 

.07226 

.06250 

.05537 

.05500 

• 061SH. 

,11500 

,0c775 

.07902 

' Time 

U62 

ofc3 


■>65 

0o6 

Urt2 

060 

Qb9 

07o 

071 

072 

07* 

Q 79 

O0Q 

001 

. ^ 

-j21219__,:>0O95_ 

• 1 6«J0l — 

_»1909O— 

-•10000. _ 

•ltova. 

...225C0 

do 0-36 

- .19157 

.1*000 

_ .10000 

..*27000 

— •*1000 

.*6000 

.30350 

fB 

•U^dDQ 

-0»3C0 

• ObUilO 

♦130oo 

. loooo 

. 06500 

.1 7*59 

. 1*59* 

*10290 

•07S30 

*05500 

•2i=no 

•23560 

• 3t-O0O 

•I9au0 


• 1)7500 

•n7*co 

.1)6500 

. 12500 

■09000 

•07500 

.16Q72 

• 12022 

* 0^00 

*069«eg 

• 05000 

*10500 

. 206 i )8 

• 2>*G90 

. .133*0 .. .. 

iib 

• 0 7-tyO 

•06500 

.|)**O0 

.12=60 

•09000 

.06125 

•16000 

» 13000 

•09500 

. u7*ll 

.05*62 

•10022 

»2q69* 

*2t361 

.13000 

' Tl«t 

LS 

C9 

014 

J3S ' 

oib" 

U21 

Get) 

Q?T 

036 

u*2 

QU7 

000 




-* * ** 

60 

.00099 

.ooaSo 

.. .01*100 . 

.05350 _ 

.00730. _ 

.00210 

.00055 

.013,09 

.00135 

- .00199 

.00168 

- . Ol2o2 




7a 

.01000 

.00820 

.OlJIP 

»055n0 

.00798 

.00210 

• OOHfi 

.01360 

.ooiio 

« 00 11 0 

.00160 

.on^oo 




9b 

.01013 

. .00770 

. .01267. 

.055o0 

.00060 

.00220 

.OUUO 

•Ql3no 

.00095 

.00089 

.00165 

. .00860 




lie 

,01035 

.007*0 

.01 188 

.05760 

.00930 

.00230 

.00105 

.01250 

• 00000 

.001*0 

.0(1195 

.00050 







UAIE * 11- 1-73 

PROJECT NUMtitR.. VA354-21F.A. 

. ’ aPO, INC. 

aR*nld Ain FORCE. 5JTA T .ICNt_T.ENr(t 

"was# / pi om-u Shuttle cReHtn test 


test ccnlIHons ' ' Test gas hit ..t « * o-o* st-o based on .bio inch' padtus 

ANGLE OF ATTACK 35.000 OEn. „ ... HODEL LENGTH 23*226 INCHES « 


TIME 

p-InF 

rho-inf 

T-Ii.F 

U-INF N-1NF 

O-INF PE/FT 

PE-L 

PQ 

TO 

HO 

00 btu/ 

STO 

POP 

HP£F BTU/ 

,_!! 

«StC 

PS I A 1 


OEG H 

>t/SEC 

PSIA *10-6 

*10-6 

PSIA 

DEG « 

BTU/LUH 

SOFT-SEC 


PSIA 

SGFI-SEC 


e<3 

.03*ri63 

*QPl ?G* 

77.0 

63*2 1**53.. 

5. 302.. .3*B515. 

7.4545 

. 17074 

. 2P99 

0.351E 02 

172-3 

*03193 

9.822 

.0731 

_ _ * 

loa 

• 035ut*rt 

.00096* 

94.0 

6o7E 74*17 

4.932 2.7405 

5.30*E 

154 09 

3345 

9.664E 02 

203.6 

.03674 

9.146 

.072b 


. . 1*2 

.02*13* 

.000749 

ll!l.6 

7 (,58 14»o* 

4.022. .2 • 0258 

3*9210 

127*3 

3548 

l«02oE 03 

1*6.4 

.0*1*2 

7.462 

..•0653 



■ „ „ rl »t 

This Run was tripped by roughness at x/L “ O.OS 




UATe » 11- t“73 * 

...PROJECT HUMSEfl— VA354--21FA. 

AR' 3 . X^C. 

- Afi-'OLO AIR 

MAbA / rt om-ii shuttle ohbITur test 


HEAT TRANSFER DATA "(V / HhEFV 


time 
_ fib 
1 06 
!*•* 

n»*t_ 

H6 

10b , 

14? 

r i Mt 
06 
1L6 

— 142 

TIME 

86 

106 

142 


oi C2 or 

-•T402t-_,42t ) 12__,3o 2 Mfl 

• ?0019 .4WI3 ,?7t>7R 

»6t 754 .3*409 . .2«U01 

OJA U33 U4 J 
«302J* .2*176 .27J60 

-.1*661 _,l97Sfi .20n c 6_ 

•3d9o5 .10*65 .10*65 

Ufc? Ufc3 064 " 

.P96V4 ..267J2 . .19,06 

• ??93 1 .19726 .14306 

-.12636 12048 _fOfWli_ 

05 C9 014 

.011*7 .OOSSB ' .013*4 ' 
.01142 .OO^fiO .0146“ 

• (111*0 .00879 .01*17 


012 


06 &Y 'Ofi'""' oio all 

J>i a0 l£ *1966 9 .2 0736 

.24623 .20278 ,17863 .15161 »1767(J ,16576 

.2353* .. ,16611... ,16704.. ..,14165 . ,17543 


U 44 


047 


05 0 


0S2 


053 


.26198 .29779 .17903 ,18263 .19731 

.126io“ 

U65 066 UU2 


.19069 

054 

24652 


“13 016 023 025’ 

-*-10945 — »gfl85?_, ;»64?3 ,16 294 

.10332 .13682 ,13172 .14599 

.104J0 .12575 .,10965 ,13434 


1 J be l4— ■ ■1574Q_. . l7 4fll 
.14376 .10579 .13066 .12666 .11460 


“55 056 (157 

•29618 .30*18 .24568 

-•21329 *24218 »2o 740 

• 12020 * 1 31 *5 .119 0 1 


.2t>0HJ .23H7H .19711 


“15. 
.06271 ' 


018 

.00957 


“21 

.00222 


cen 

U69 

070 

<J7l 

072 

Q 74 

.31562 

.26676 

.30434 

.28417 

. .19412 

. .32*18 

.23881 

.22005 

.21683 

^19074 

•13047 

.27549 

-.21001 

.—*20072. 

-.15164 . 

.12*22 

_ ..07731 

-.25362 

Q28 

027 

036 

U42 

086 

088 

•OU 108 

.01710 

•00100 

*00119 

.00117 

•01619 

•00124 

.01707 

.00114 ’ 

*00124 

•00128 

.01334 

•00142 

•01702 

.00105 

•00136 

•00139 

*01292 


059 
.29238 
_• 2 4 0 4 5_ 
.21 04 6 

079 
. ,358*8 
.29256 
-.2*527.. 

039 

.00217 * 

.00238 

.D0253 


626 03V 

-^20*-5— t£fL9 2 3. 

.15140 ,15368 

.*14255... ,0?869 

060 061 

.26611 ' .27559 

-.21126. s217£8. 

*16236 *14653 


080 081 
.44571 ,367x5 

.39393 .2b2bl 
.31416 *1<>2 m2. 


u 


..u 


„u 






ORIGINAL PAGE IB 
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UATE « 11-1-73 

hROJECT NUMBER VA354r2lFA 

Afiu, lf»C. 

aRaquj AIR FCHCE-STaUCHt-TENN. 

NASA / RI Oh-h ShUTlLE OHUlTtR TEST 


NEAT transfer DATA (Q/UHEFI 


TI«E 

til 

C2 

03 

06 

07 

' 08 

Olo 

oil 

012 

0l3 

Q16 

<5Z3 

*025 

026 

«31 

Hh 

.74000 

.Al'JOO 

.28^00 

,.2.7.000. 

_*22Q00 *1980Q_ 

Jtl7j99 ,17983 

*10959. 

_*09600__iI900Q .24000 .14000 . .,15500 — 

t OO 

.?00l30 

.40000 

•26u00 

.230no 

.16800 

.16500 

.U900 

.16200 

•17400 

•09100 

•12500 

*12000 

.13300 

.13800 

•1*000 

1*2 

.6,736 

OBjoq 


.22000 

.17270. 

..,15426. 

.UQQO 

•16100 

•17500 

.09200 

.11500 

*10000 

.12251 . 

-13000.. 

..09000 

Tl«t 

034 

C38 

ii*l 

t.44 

047 

050 

052 

053 

054 

055 

Q56 

057 

059 

Q60 _ 

Q61 

tit 

.27*35 

.26500 

,?4ttb8 

.23795 

.26810 

.16000 

.16800 

.18000 

.22500 

*27000 

.28000 

.22200 

*27000 

.24500 

.25300 

IDS 

. 1 7000, 

_,1H000 

.]9jtx> 

.21000 .23000 .146*0 .1*4 00. 

1*400. 

,16000. 

19500. 

_.22000_ 

.,18600. 

,23000 ,1550QL_j|2OO0ft. 

14<? 

.10060 

.10000 

.louon 

.11500 

.13000 

.00500 

.12800 

. 1)600 

.10500 

.11000 

.12000 

.10800 

. 19500 

.16000 

• ueoo 

TIME 

062 

C63 

Ufi^ 

965 

066 

Od2 

Q6H 

069 

R7Q 

071 

072 

074 

079 

(100 ' 

Ubl 

86 

.27300 

.2*300 

,17aco 

.30000 

.20000. 

..,24000 . 

,29000 

.245(10 

*28000 

•26000 

•17500 

.30000 

.33000 . 

. .41000 . 

.,33700 

Iflft 

.21000 

.ibooo 

• 1 3u0fi 

.240no 

.22000 

*16060 

,22000 

.21000 

.20000 

.17500 

.11900 

.25*04 

.27000 

• 3** 331 

•26000 

-1*2 

_ »125uQ 

_«Uooo 

„j 080 QQ__ 

. .18900. 

14000. 

1.11 DUO — 

,19439 

. _• ibSoo 

*14000 

_ .115(10. 

_.07000_ 

.23*08 

_,235H0 ,25000— 

-ilSflOCL 

TJHE 

uS 

C9 

Ul4 

015 

018 

021 

029 

027 

036 

04 C 

086 

Orb 

089 

.. . 

lt4 , 

Be 

.01050 

.00875 

.oUno 

,05457 

.00640 

.0Q105 

.00055 

.01500 

,onoQ7 

.00)04 

.00102 

.01*20 

.00190 



1 Oft 

.01050 

. .00775 

.01293 

.05150 

.00600 

.00210 

.00109 

.01503 

.00100 

.00109 

. 00 1 U 

.01175 

.00209 




1*2 

.01050 

.00775 

.01250 

.05279 

.00880 

,00229 

.00125 

.01501 

.00092 

•00)20 

.00122 

.01)40 

.00223 






a 


* 


u 


u 


it 


This Run »as tripped by roughness at x/L 0*05 


,n 




.1 


45 


t 


RUN 4510 





A\::— r' 


1 WA»e * 11- 1-73'"* - — > 

. . ♦'Hoject hum«eH.. VA354“_2J£A _ « 

aH(ii Inc. * ’ "* 

_aHnolO AIP. P0BCE_SlAlICli7JtENa, ~ 

NASA / R I Of*- 1 1 SHUTTLE ORBlTtR TEST “ 

IE5T CPiicIUOrgS TfST GAS NITROGEN*" "" ' 0-0. ST-0 6ASED0M"* •2l0 INCH HADIUS *“ 

ANr-u OF AHACft 25.000 yEC-. MODEL, length 33.226 IN^ES * 


TI*t 

P-INf 

PnO-lAF 

T-I«F 

U-lNF 

M-1NF 

O-INF 

re/ft 

RE-L 

PO 

TO 

MO 


00 HtU/ 

STO 

POP 

hm£F BTU/ 



MSEC 

P«lA 

UHH/CU-FT 

DEG H 

FT/SEC 

PSIA 

* 10-6 

*10-6 

PSIA 

DFG R 

BTU/LBH 

SOFT-SEC 

PSU 

S(.FT-SEC 



72 

.0^0201 

,001645 

95. 7 

StSl 

11.59 

5.665 

. 3.7044 

7.3247 ... 

6447 

2431 

6.613E 

02 

131-2 

.02675 

10.462 

.0694 



7m 

»C)S62ol 

.001325 

110.9 

0u39 

11*50 

5.211 

2.Bo9fl 

5.43P4 

6076 

2761 

7.557* 

02 

lbo.7 

.03029 

9,634 

.0679 



HO 

»o**)iio 

.0014*53 

117.4 

6*11 

11.50 

4.544. 

. 2.2521 

.. 4.3590 ... 

5405 

2914 

7.99gE 

02 

lSo.0 

.03323 

6.406 

.0632 



9fj 

• 044 7 76 

• 00 0^66 

118.6 

6*39 

11.49 

4.140 

2.0222 

3.5140 

5053 

294 3 

6.Q64E 

02 

145.0 

.03503 

7.658 

*06u3 



_10« _ 

.03*576 

.000** *>6 

11*5.1- 

— 6*76 

11.53_ 3.5*72. 

-1.7355 

-3.3592 4535 _ 

2901- 

2 • 1&0E 

02. 

. 137-3 

.03791. 

6.646. 

.0562 



120 

•Qf-^oO 

.000740 

100-9 

Sri 79 

11.74 

2.7HO 

1 . b9H5 

3.2H75 

37J3 

2650 

7.151E 

02 

102.4 

.04003 

5.152 

.0485 



1*2 

.Q?66*7 

.000676 

1 03*2 . 

Sri93 

11.64 

2.531. 

..1.503ft 

2.5105 . 

3279 . 

2660 

7.169E 

02 

96. 2 

.04215 

4.676 

.0*62 



.,Q 



mrmft $ooa 210 


t/ftiE ■ 11 - 1-73 

eHOjECT nUM ^ Er VA 35 A- 2 iFft 

aR“, I f, C. 

a (,- ' , ’ld air echce . sJaIiw ^ tenm , 

«A54 / m o**-i 1 Shuttle (i«aJTtw 1557 

* EaT TfJfiKSFeH DATA (h / HmrfI 


ul 

.548=6 

.Eolxl 

.*2324 

.31317 

.*?310 

,4Pdo9 

• 46 3j5_ 


C? ul 

-.20*66 . 19/»po 

.?7 J 79 .189?° 

. 2/318 .I 8 l 9 rj 
.26778 .|8{,?p 

»?°?03 ,17-77 

.? 46 fcl * ThvTS 


ns' m 'oer 

157?ft mJ JL£*55 *lUi4i_ 

.15*78 .12261 ,10757 

.14607 .11R22 ...10517 

,14350 .11806 ,10J?fl 

,13794 . .11124 ...Q9ol6 
.13209 .10602 .08975 

.. 1 2 7?5 — .10321 .Otf 7*9_ 


010 ail 

j. 0 » 6 ltt_tL 1953 

.003*7 .11618 

.00114 .11149 

.0/994 .10639 

• 0 765 3 .10129 

.0/003 .09431 


TIME 

U34- 

u’fl 

U4 1 

U 44 

72 

• (1 = 2/4 

• 3 bl 6g 

• C 60 7 4 

.077)70 

, To 

• 0 *■& 1 0 

.06577 

•05077 

.062*5 

06 

•0=668 

.05228 

.04987 

• 051ol 

90 

_ • 0 = 485 _ 

.05149 

• P4 

-•04533 

108 

•u521 1 

.O^rfia 

•04J12 

*04069 

12b 

,64622 

• O'* 321 

■ 03o=a 

,03635 

142 

*04320 

.039=9 

•93005 

.03653 

' TIHt 

062 

963 

m64 

J45 

— — — . 72 

-.073/3 , 

. 06600 

• 04J50 . 

..15234 

7d 

.07002 

.003=1 

• C4t|h? 

.14608 

8rt 

.«67eS 

.06001 

,0305! 

.14074 

96 

• 066 1 1 

,(.5772 

.03064 

.13459 

108 

.06310 

.08525 

.03240 

• 1 ?89* 

128 

.9=993 

.95338 

•03l 7 D 

.13105 

-.142 

--•25879 

• 05336.. 

-.03177.- 

-.12655. 


012 " "013 

-* 13^22 ,P 9639 _ 

.13536 .09250 * 

•12792 .08663 

.12103 .08319 

• 1U23 .07974 

•10730 ,07091 

•10558 .0)603 _ 


05? 053 

•07230 .07267 

.Od9tp .07009 
,09ln .£lf>?2Q 

0°504 -.06639 
.08757 .06490 

.07857 .06452 

•07743 .06330 


US 

.02559 

.02512 

.02485 

.02393 . 

•02335 

.02287 

•u22g 1 


C9 

.00897 

*00879 

.00869 

•00"T? 

♦00854 

.00823 

•QOdOO 


ui* 

•00425 
.00*1] 
.OOJ80 
• 00 J7fi . 
•00J51 
•00J55 
•00 j54 


945 066 UU2 

-•15?J4_.Ht?32 ,09726 

.14600 .11502 .09344 

•14074 .10924 .08763 

.13459 .10361 .08422 

.12894 ,09798 .08023 

•13165 .09118 .0/842 

... 12655. .,05706 ,073l4_ 

U 1 5 018 (121 

.03270 *00032 .00204 

•03183 .00045 ,00203 

.029^7 .00809 .00203 

•02 h -9 *90798— *0Q2o5_ 

• 02/34 »0o7do .0u2l)5 

• 0?63Q ,00755 . .Qo206 

•02610 .00755 .00206 


Cfcfl 
. .21522. 
• 20202 
.10490 
.1/013 
.16799 
. 1 6403 

-*15320.. 

Q20 
.00155 
.00199 
.00203 
-»0U207_ 
•00211 
• 00215 . 
•00215 


069 
-.11534 
.10948 
• 10090 
*095?7 
.00975 
•08432 
-.00149 . 

0?7 
.01348 
•01342 
•01326 
-•01310 . 
•01310 
•012H7 
•01256 


054 

•06016 

• 05763 
•05520 

. *05275 
•05)90 
•05092 

• 04977. 

070 

•09004 

•07946 

•07490 

.07304 

.07270 

•07?94 

.07405 

036 

*00780 

•00731 

•00604 

•00638.. 

• 00619 
•00572 

• 00565 


Ub5 

•05000 

•04242 

.1)3953 

•037H2 

.03943 

•04070 

.03856 

071 

-•08151 . 
•07862 
.07090 
. 068n3 
i 067*8 
.'06’72 
.• 06dn3_. 

U42 

•00003 

•00911 

•004?2 

■00^33 

• 00456 
•004H0 

• 00497 


I 016 

I .0727B_ 

.07132 

.07025 

•Q67«0 

.06551 

*05928 

-•05607 

056 
.05149 
*06585 
.03979 
- .03750 
.03635 
•03649 
•037o5 

072 

—.04640 

.0440] 

.041(0 

.03963 

• 041i)7 
.03969 

-.04123-. 

086 

.00333 

.00334 

• 00336 
•00342 _ 
*00342 
.00055 
*00359 


0S3 025 026 031 

j .06720 — jl .Q 9 . 4 J 11 _ . 1 Q 3 B Q tOOJfto 

*06586 .089(3 ,0987d .06018 

.06349 , 0B3 31 .09233 ,05781 

.06119 .07909 .06839 .05666 

.05664 .0/646 .. ,0M382 ..,05324. 

.05154 ,075bl .00186 .04775’ 

.04880 —.07730 , 0 i "241 »Q454Z_ 


057 009 
•045H7 ,13732 
• 03994 • I 3 JH7 
.03702 .12542 
•03316 12260 
•03304 .11978 
•03428 ,11878 
•03428 ,11597 


060 U61 

•10121 .09701 

. .0<tb5& .09436. 

•04506 .00861 

-.04329 .00677 

.0*941 .07046 

,0^747 .07648 

.01-633 . 0 764? 


074 
— .1P013 . 
•17370 
.16792 
.16563 
.16201 
•15660 
-.15165- 

006 

•01146 

.01100 

*01049 

-•01026- 

•00977 

*00964 

•00960 


079 000 ’ 001 

-.21146 10919 ,28515 

.20723 .10762 .22977' 

• 20133 , 10S2I .17387 

.19568 .10356 .14579 

•19J03 ,10067 .11658 

.18523 .09877 .08774 

j 10369 Q965! ,o<>435_ 


oAXC a 11- i-Y3 - *• • - 

. VRrjJECT Ny»i*En VA35*-;>ifA 

*R')» INC. *'* * ’ \ «_ 

- *»M3L0 A 10 F0^LSTaT1Cn._TENn. 

nasa / oj oh-n shuttle onaiTtn test — * 


h£AT TRANSFtH DATA (Q/QhEFi 


Tint 

</34 

u3a 

(.4 t 

(144 

<J47. 

u*n 

72 

.0«5ju 

• OS4(3Q 

.OSbOO 

,067SO 

,0>U*5 

.05000 

7t 

*J C 3 JO 

.O-UCO 

•OSuOD 

. ossoo 

. U54-n3 

. 0 32 JO 

Htf 

. uSo jo 

.04*13 

.0440!) 

.04*1)0 

.04063 

.019*0 

. 90 

--■04040 

.. . rj*. ^ 

. .0*630 

...04030 

.04 11 1_ 

-.021*7 

loe 

.04600 

. 04 3 1S 

.03*07 

.0 3392 

.OltH! 

. 01OJO 

12« 

.74 065 

. .03*00 

.03j43 

.012*0 

.03235 , 

,014 JO 

1*2 

• 03060 

.0341:3 

. 0 3** n [) 

.03214 

.02594 

.012/(1 

TIME 

062 

Ut3 

tjfi4 

J65 

066 

(Jdj 

72 

* 0fc5uQ 

—•OSbCQ. 

03/50 

13530, 

— .10500- 

06550 

7b 

. J62C0 

•o^sco 

• 03*?o 

• L30no 

• lozio 

.Ob25o 

*0 

• 0‘-'JuO 

• 053C 0 

.03170 

.i?5no 

.0*750 

.07750 

Ob 

■ 0 = 966 

• u51 00 

• 03ooo 

.12030 

.09250 

•07450 

. loe 

* j56t0 

.04*1:3 

• 02 3*o 

.11530 

«Of*7bO 

.0710a 

12a 

■ G5 30 0 

.04 7 C 0 

.02 /Sfi 

. 1 1640 

■05115 

.06650 

1*2 

*«52 JO 

■ .0 4 7C0 - 

— . 0 2 / 3 0 

_» 1 1250 

_.077Sa._ 

-.06 450 

TJht 

(.5 

C9 

ul 4 

<J ! 5 

01R 

0*1 

72 

.02220 

. 00 7 b 1 

.00 J'O 

.020*0 

.00725 

.00174 

7 b 

. J ? 2 j 0 

.00770 

.00 J60 

.027-16 

.007*0 

.00 ! 70 

t)h 

."?SeO 

.00 742 

.00340 

.021*0 

• 037 1 u 

.ooi ?e 

Oh 

. . U ? 1 U U 

-.00770 

_» 00 J3a 

—.02100 

...ooTao— 

-.OulbQ 

) C H 

. J?5S0 

.007io 

.00 310 

. 02*00 

■ 00605 

.001*0 

12b 

. u? J0Q 

, 00 7£ 0 

. 00 J l 0 

.023:10 

oOOfcSO 

.00100 

l*s 

,3 1425 

, 0 ‘J 7 A 0 

. 00 3 1 0 

,02290 

.00660 

.00120 


05? 

053 

054 

U55 

056 

Q57 

1169 

060 

061 


.0*200 

.06400 

.0*300 

• U4400 

.04500 

.04000 

.12250 

.04000 

.O06QO 


.0*000 

• O620O 

.0* .00 

.037*0 

• 04 000 

• 03*00 

.119*0 

,08000 

.00400 


.0*142 

.05954 

.04/00 

.03*00 

• O35o 0 

.032=0 

.112*0 

.0-500 

.0/900 


,0)600 

* _ 

. 0 4 6 7 H 

. .033*0 

_ .03300 

-.02*12 

. I looo. 

_.0c34*. 

—.07731, 


. 0 702fl 

.0*754 

• 04M1 

.034*4 

.03200 

. 02*73 

.107*0 

.08000 

.07000 


.0/000 

• QS7 OO 

.04500 

• 6 3600 

.03200 

.C300C 

. . 1j626 

.07000 

.00000 


.06500 

.056(10 

• 04400. 

* 034 U4 

.03250 

•D400U 

. 1 0 3 77 

.07700 

,00900 


Qtfl 

049 

070 

U71 

072 

074 

079 

GQq 

QH1 

U 

. , . V QS6 

-.10230 , 

. .00000 . 

.. . 1172 DO . 

„ .04037 

— -• 16000 ™* idfiOQ . 

0 9 T 0 0- 

.25273. 

i a 

•1*000 

<0*750 

• 0 7[)0 0 

. 06 7 uo 

* 0 3 9 j o 

• 1 55() 0 

*18*00 

.0**00 

.20*52 


•16500 

•0*000 

*06700 

*06300 

.03657 

• 15000 

.18000 

.07400 

.1*500 

*1 

• 15*00 

• 0rt5(>0 

* Ot'SQO 

. 06 1 00 

.03473 

• 1 4 8fl o 

.17500 

*0*255 

•13000 


.15000 

•0001 1 

• 06500 

•06000 

*03600 

•14401 

• 1 T 0 0 0 

. .O'lOOO 

•10399 


■ l A 

.07500 

.06500 

•06000 

*03465 

•139*0 

*16516 

•08000 

*0/000 


• 1 J0J6 

• 0 7250 

-*06600 

-•66100 

.03600 

- .13512. 

.16400. 

—.01600- 

_ »075qq_ 

_ __ u 

C2h 

027 

936 

(342 

026 

Q08 

069 




. 00 1 *0 

.01175 

.006*0 

.00351 

.002*0 

.01000 

.00090 




.00174 

.011/5 

.00640 

•ud360 

.002*3 

.00970 

.00090 




• OJlltl 

,01163 

.00600 

•Oo37& 

•0n2*5 

. 009?0 

.00040 




» 0 J 1 1 2 _ 

,011*0 . 

.00560 

.60300 

.01)300 

- .OQ9oO 

— ,oola2_ 




. 0 J 1 & 5 

.011*0 

* 00*^4$ 

. U 0 4fl(J 

.00300 

.00050 

.00042 




• ujrEB 

.01 125 

.00500 

.00420 

.00310 

.00043 

•QQ07T 




,00125 

.010*9 

•004*4 

.00435 

.00314 

. 00040 

.00075 








„ 1.1 

RUN 4520 “ 


...... ... 


ORlGIKTAr. pa 


{ 
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r 
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f 


r 



f 


DAIE « 11- 1-73 

PROJECT mUMhE* 9A3h+”.21F8 
*HU» IfcC. 


Jt AS# / HI 

oh-u, Shuttle CKhtTcn 

rtaT 







It'll tCNLU I0N6 IFS>I GAS NITROGEN 

aN!.LE CF AjjaCA 25,000 uEG. 





Q-0'» ST-0 uASEO UN .210 INCH RADIUS'"' 
. MODEL. LENGTH 23.226 INCHES 


tiHt 

P-Ihf Find- INF T-IwF 

U-lNF H-lNF O-INF 

H£/FT 

RE-L 

Pfl TO 

HO 

00 HTU/ STD POP HhEF UTU/ 


MSEC 
7d 
96 
11 + 

RS 1 A Lpm/Cd-FT UEG h 
•029+13 .qoq+ 39 175. + 
•02l+o3 >001)360 155.4 
>017231 .00017+ 1P9.D 

Ff/SEC PSIA 

7^57 10*99 2.+U.7. 

6y5l 11*18 1.07* 

brfjn H>38 1.56 + 

*10-6 

*7061 

*6?67 
... *7523 

*10-6 

...1*3666 ... 

1.2T29 
. 1 - +=61 .. 

PS1A OFG R 
...2965 . 390B.. 

236+ 3618 

. 1981 ..2970 

ttTU/LHH S0FT-5EC PSIa SliFT-SEC 

.l*095f 03 168*0 .05500 +.612 ,0-*99 

1-003E 03 131.1 .06033 3. +72 .0+26 

e.0**«E 02 . Ufl.9 .05667 2.093 .0366 

— V 

. - V 






















* 










































* 











• 











.... . . ... ........... 

RUN +521 






mate a II- 1-73 — 

HRUjECT mU«HEB vA354-£ifA 

AR'J, JI»C. 


ARNfiLO AIR FCRCe..STAT (er4t 7 En , 

nASa / R I oh-lj shuttle ohu iTtw 


HEAT 

THAr.SFtf* 

DATA* (H 

/ MmFFI 

time 

Ml 

02 

U3 

' 96 

_7ft 

..^EoJb 

- ,2.9469 

,20173 ,15040 


. , I'sott 

.26702 

o IbaaR 

.13740' 

1 u 

.‘•‘'£96 

.24632 

,17478 

.13243 

Tint 

UJ4 

U3H 


U44 

7fi 

.05655 

•046C2 

• 05u(i7 

,04039 

9o 

- ,05523 , 

jL'5<;72 

.U445H 

,04339 

l 1 4 

•0509a 

.04645 

•0*135 

.04070 

time 

ut 2 

663 

U6* 


.. 76 

* 

ft ossh 

,035*1 

. .150*5 


.06 3,2 

.05351 

•0297s 

.139*5 

-114 . 

— .11406 5. ,fl526 2_ 

., 32969 * 1 3? 14_ 

Time 

ub 

C9 

914 

'<1 5 

76 

.02541 

. oohso 

i v 0 i ^ ** 

.025*5 

. 96 

.02436 

.00997 

.00 JHQ 

.0^493 

114 

. U? J92 

.01037 

.00347 ,02bo6 


07 

-.12537, 

• 1107 a 

.10947 

047 

.04537 ' 
J 04026 _ 
.03770 

066 ' 
.lO^OH 
.10031 


„.J0751 

. 0979 ft 

.Qiani 

U 50 
• 02 I 69 
J0194A 
. 0 i 7133 

ua? 

.00003 

.076,7 

-.0/454 





3 ' 0X0 

till 

012 

l »0 B 5OO 

— ,11105.. 

-•12747 

1 .0/617 

,10082 

.11762 

.0/204 

.01567 

.11143 

oe? 

053 

054 

.00674 

•0695b 

*05713 

-.00006 

....,06385. 

-■05161 

*0/607 

•06091 

.0*961 

C* y 

049 

070 

.1/010 

.09912 

.00673 

.16166 

.090 15 

•0R79S 

-.1456 0 .. 

_..0H292__ 

..0/430 

028 

02/ 

036 

•0u23f 

•01306 

*04490 

.00239 

•01332 

•00453 

. 00245 

, 0 1 2h5 

* 00422 

' 





013 ° 1 6 ‘ ‘ 023 ” 025 026 ' 031 ” 

•?J^ OL7 “ tJ56303 <0 R8fl<5 t09452 (00006 

• 06744 .05974 ,07690 .06234 .05523 

.07061 .06326 .05551 .07590 .. .00157 *05237 

U5S 056 057 059 060 Q61 

•04U22 .14400 >036)0 .141B1 .10117 .06579 

' '^47h; -*03^ 8 -^»o3341 _ .13314_. 05447 _.06177_ 
• 03 7h 2 .03749 . 0 3iea .10920 .04166 .07959 

071 °72 074 ' U 79 Q80 * Uul ' 

’o?6?? * 10351 . .21670 . .U67b .103 0 8 

* 1726 ' 4 .20366 ,11003 .09486 

V7«15__, 04262 _.16*B7 J9999 __.lf,62H .0a9fr9_ 

042 na6 Oae oa9 
•00464 ,0n4o? .00950 .00070 

-00442 . ,Qo*o6 .00929 .00091 

•00439 .00410 .00934 .00090 " ”” 


rrtTE * 11-1-73 

t'HUJECI '(OuheH 0A3.54-.21r A .... 

A«U. It.c. 

_ aRaOLU AIR £0KCE-_5IaJ1CN»_I£Naip 

na^a / hi HH-u Shuttle oHHtr t H test 


HfAT TRAASFtH DATA C0/UHEF) 


Tint 

m 

C2 

■J3 

>16 

<37 

" (1C 

010 

Oil 

012 

013 

(316 

7b 

► Ui ' 

.. .563u4 — ,27709 -_,J 8554 

-il 3_?25 — tl 1333 tH9. 0.72 ,.0.7 6 0 0. 

tiOOOQ 

_»ai3?7 

.jf.07.60H. 

-2.06600. 


• **redu 

.25400 

• 1 Q 

*l2bno 

.IflOOO 

•08000 

.06800 

•09000 

. 10500 

•87100 

.06000 

. li** 

. .*80uQ 

•23000 

•16000 

.12000 

.09750 

..00300 

.06400 

•Q«5oO 

•09900 

*86900. 

. .05600 

TIME 

OJA 

■j30 

U41 

■144 

0<»7 

UbQ 

05? 

(353 

054 

055 

056 


.u=2o3 

.04970 

.04*53 

,04J(J0 

.04000 

■ 0 1900 

.07000 

.06247 

.(1"1 00 

• 04 Jno 

-Ol9nn 

Vto 

-.•/4900_ 

..Q45dQ_ 

. .03950 

-.03050 

-.03543 

—.01700. 

-.07169 ,05688. 

_o 04600 

.83000 _ .03500 

1 l'* 

• U45v>0 

,1)4100 

, 03oH0 

.03600 

*03300 

•01550 

.06000 

•05400 

•04400 

.03350 

.03300 


UC2 963 u 64 

•05000 . *<|49Eq .03100 

• 057ol) .84/53 .a2of>fl 

-i'ISAOQ i Ot^O _i02s7a_ 

< 3b U9 ut A 

•0?246 .00*^0 .003*0 

*|)?1S0 .OOeEO ,0033'i 
, d?100 , 00^10 .0034 0 


UA5 066 * UbJ 0t8 1349 

.13500 .00000 *07200 . .I59S« .OH00Q 

.12600 .06990 .06000 .1*500 .00100 

.12230 — tO05OO jt IKrOUQ *1^000 _*07A0O, 

dl5 , 018 _ (121 Q2fl «27 

.02260 .00740 .00200 .00210 .01225 

,02200 .00740 .00200 ,0u2l0 .01175 

,022(10 .00740 .0(1200 .0U216 .0U2H 


D?0 «71 ' 072 074 

• 07600 .1*7071 .03«rtl ,.#l65ou 

•O70J9 .0*000 .03500 .15500 

*07000 _.Ub04!3_. 03726 _,14735_ 

036 w <342 0b6 Qea 

.00440 .004)0 *00360 .00040 

*00400 *00390 «Oo360 ,00020 

.00370 .00 Job .00360 .00820 


02s 026 w 

_»079qQ . 0E40Q * 0&33L 

*07000 .07305 .04900 

.06700 ...07200 . .04623. 

059 Q60 _ 361. 

.12000 .09105 .07700 

_» 12000 *06490 ,07 320.. 

.09800 .0*200 .07100 

079 000 001 " 

.19500 . -.10500 .09250 . 

.18300 .09080 *00500 

_» 17800 ,09500 *O0OOO_ 

Qfi9 

,00069 

.00080 

.00006 



r\ 

DATE ® 11- #>”73 

. PfiOJECV NlPHEH VA3£*>-2lPA 

° *Ro» livC. 

_*9>vOi.D A [R E(tHCt 5TAJXClSt_T£NN, 

NASA / S| 0»-ll BHUTII.E OHdlTtH TEST 

TEST CONCillON* fFSl CAS MTPOCEN (1”0» ST”0 ijASEO'ON i2i'o" INCH RADIUS 

AN.5LE r F AJTAC" 35.000 uER. ... . . .... HOflEL LENGTH. 23.226 INCHES ...... 


T|M t 

P-Jitp 

RrtO- INF 

T-InF 

U-INF h-IAF 

Q-inf 

BE/FT 

«E-L 

PO 

TO 

HO 00 0 TU/ STO 

POP 

HHEF hTU/ 



MSEC 

i* 5IA LhH/Cu-F f 

Ufa B 

F T /SBC 

PSJA 

* 10-6 

* 10-6 

PSJa 

OFG « 

rtTU/LUH SOFT-SEC 

PSTA 

SOFT-SEC 



7* 

• nJMtsa 

•OOlttiS 

00.2 

63*3 1.4. 64 

5. 467.. 

.3.7673. 

. 7.2916 . . . 

.10400 

3012 

H.74t)E 02. 106. 0 .03241 

10.131 

.0752 


« 

8 >. 

• 0340 7T 

• 0 01 NIK 

«7. 4 

b/93 14*50 

5.06B 

3.004* 

5.5699 

1 7549 

3?47 

9.4UE 02 197.9 .Q 3 S 33 

9.396 

.0731 


- 

J 0 <> 

•0314J9 

* 000^2 7 

O 

bdflS 14.50 

4.627 

2.7717 

5.364 7, 

15900 

3276 

9.467E 02 190*0 .03706 

0.579 

.0694 


_ _ O 

12 *- 

.007 704 

•000474 

b3« o 

6o27 14 . SB 

4.141 

2.7207 

b* 

1*409 

3131 

B.976E 02 1t>7.6 .01707 

7.675 

.0647 



1*2. 

_,0?AhL3. 

« OQQZ^Q^.. 

.01 • A_ 

6504 14.64 _ 

-3.&'#3__2t4e9 < L-Ji.ei92 

-13232 31Ol_0.ftboE_.a2 155. 6_, 03572_ 

6.044. 

- .0606 


II 





,11 


52 


SUN 4522 


»"V 


urtlE i ii- *-. 7-3 

*A35*-2iFa " 

1 p ^ce_st 4 i LC n i .t £ ^, 

rtAsa / H| 0 H- U inUTTLE OHHIIt-rtTr. 


nUTTLE OHBIIttT 76.57 
t*EAr TBAKSF6H DATA <„ / hkEf I - 



G 1 

,M431 

.?0J;:4 

,5P7c4 

.4fu54 

,i e 4JO 

UJ4 

. It2<» " 
• 46H2 . 
.J5453 
.J®2u3 
.65160 

U62~~ 

.y96e 7 

»t)9lu6 

• dBde u 
.1)7*77 
~.i;7«7a_ 



G? 

, 32<>7 

.31*17 

.29444 

.29;i?b 

.?9i,4() 

I’B. 

.063*1 

.08?O 

.0*9?) 

• 0 *rtt* 

.0**77 

'>63~ 

.07*43 

.06779 
— oVtil- 

04 

.00*6* 

*Di IH 25 

.r.0**3 

-.00910 . 
.00933 


03 

...?1 JHS 

.20 7?,l 
.20326 
.?Ul?o 
,19oV? 

u*l 

•06j*l 

•0*849 

.0*299 


06 

- *J7i.oo_ 

.165?? 

05988 

•160AR 

.19595 

'l44_ 
.069 fifl 
. .05l9f| 
.0*US7 
.039^9 

.036*7 


ub* 445 ' 

■0524? .21073 

.0*5*1 .2036? 

.0*25 1 . , 102-jo 
.0374? ,iKj*5 
..03/93 ._.j.7m 20 _ 

414 U |5 

. 00*33 .03260 

•00*7] .{|3o* Q 

•00*?B .02954 

»00*09_ .«o24jp 
•00*0* .03015 


oV 'tin 

_»l306f? ,10955_ 

•12767 ,10711 

.12*10 ... 1(16 7l 
.127U0 ,l<j 6 79 
.1204* .10379 

U50_ 

•06166 .03341 

. .05013, ...02753 
.03645 .01 949 

•03397 .01637 

•03255 .OlHJfl 

(166 ua 2 ' 
.1*273 .10506 

.13498 .09648 

• 12Ul|4 .. .0674? 
.11*43 ,06351 

-.11465 — -.00347. 


QlO 

.tO«657 

.00005 

.06013 

.07964 

.0/615 

05? _ 
.10959 ' 
.105*1 
.10044 
.04232 
.04945 

Gffl' ' 
.22169 


Oil 
-.11701 
.11005 
.10770 
.3 1 026 
•11017 

(J53_ 
.09246 ' 
.04196 
.08846 
.06492 
•09434 

06 9” 
.17010 


.21010 .15247 

.14988 .1*174 

*147] 5 * 1 334? 

.201*6 ,13287. 


UJ 8 . U 2 i 
.00797 .00198 

•0078* „ ,oj2lo 
*00019 .00210 

.*00796 .00210 

•00820 .00210 


<128 0 ? 7 
•00219 .01452 

.•00214 .01344 

. Oo2lo .01392 
-*00214. 01393 

•00222 ■ .01*22 


012 (113 

-.19220 .099*7 

•12536 ,09431 

•12630 ,09088 

•12510 .09100 

.12349 .08410 

— 054 055 

• 07PII9 . 06645 ~ 
•07892 ,06525 

•07)97 .05742 

.0690] .06523 

*06767 .0552* 

070 ” ' 071'” 
.15542 ..112*3 
•139J9 ,o945* 

,12275 .i)88o3 

• l l fi l 7 , 08 * 2 * 

,00425 

036 (7*2 

*00727 .00*21 

»0067o «U(}*09. 

•00667 .00396 

,00648 ._,uo343.. 
•00*35 .00*32 


016 
, j 0 7 1 1 4_ 
.06967 
.06974 
.06568 
.06*28 

056 

.07722' 

.07252 

.05778 

.05379 

•05219 


072 
•063M7 
. 05832 
.047/9 
•0*557 
,045/U_ 

08b 

• 00370 

• 0B3&4 ... 
. Oo3*9 

-.0036* 

.00343 


Q?3 025' 026 

._*q63a 1 — ,io*ia ^1777 

»062j5 .0994S .11168 

.05762 ,09386 .,lt)394 

.05656 .04275 .lolBo 

.,05601. ,09277 . ,lc221 

— u 57 Q59___ U 60 

•Obboo ,16932 ,1?57 0 

»fl57?l. ,16457 .,12031 
•0499$ .15521 .11151 

• 04*90 .144]3 .H684 

•0*661 .14783 .10341 

“74 079~~ -^80“ 

• 18099 ..,21590 . ,Uo71 

0 7974 .20971 , l(j 828 

OJ°80 .20297 ..9U597 * 

•17607 .2fl3) 9 , l 4 452 

-.1 7802 — ,2o582 .10157 


-- Q 8 L 
01542 
01176 
•10064 
.09734 
•04US3 


(101 

.21055 .. 
.15661 
• 13*21 .. 
02876 
-0175a_ 


oefl 
.01070 
•01007. 
•01113 
•0) 140_ 
• 01131 


U89 
.00107 
.00106 
• 00lf)3 
jOOIOQ . 
. 0010 * 


*« 





831' 
-t.06115. 
.05076 
.0576 i 
.05316 
.05*02 


.... 


— ...0 




»•** 
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uAie * * n- t-73 

t'HtJJfCf »A35A-£1FA 

AKu't INC. 

— Ahe «L0 H t« ^CHtE_5UT J.Clu_TEfjn. 

NASA / R I OH-n SHUTILE OHMTtR TEST 
hFAI rRANSFtH DATA IU/UkEF ; ‘ 


T I Ht 

<a 

'" C? 

03 

06 

07" 

Os 

QlCt ' 

an 

_ 7 *• 

.M551 

. .29*00 


»155qq , 1175 Q_ 

_.flOAQ 0 _ 

.0 7655 . 

.* 10 * 00 . 


.-‘•rjuo 

■ 29,. op 

•19uon 

• 150fir 

•11500 

.09600 

. 0/200 

•09000 

10 -* 

.EP Je9 

. .20000 

. 106*2 

. .l*5oo 

...limn 

-,06506. 

-.07137- 

. .09600 

124 

•Ef7oT 

.2/071 

.10*37 

.1*5*5 

.11502 

.09563 

■OTnfrft 

.09010 

. . 1 *2 

.6E,>92 

. .2?t>95 

.lHt,*3 

.1*1*5 

•10HU3 

..09293 

.0677* 

•098Q0 

T T u t 

_. 9j* 

i;3fl 


044 

(3*7 

060 

QE? 

1153 

74 

.0 c 5u0 

.aSsco 

.obono 

• DM 00 

.05*00 

.02950 

.09800 

.00200 

6k 

. .J C HU 0 

-. 061 ( 10 . 

. 9*000 

. . 0 *bQO 

. 0 ** 00 .. 

.. 02*00 

.09*43 

•0«163 

10 ** 

m if 4 ri^D 

. 0**00 

* T 3 * |s 0 

.oibno 

.03200 

.01700 

.09000 

•07900 

12 * 

» G^ocO 

•0*3C0 

• l>3djO 

-.03500 

.02970 

.01600 . 

. .06000 

.07539 


.':* 6 e? 

.9*11 1 

* 0 3 o f ) 0 

.01*40 

.02H53 

.0 1600 

,00900 

.07407 

TIME 

(J 62 

■•fc 3 

Uh4 

*165 

066 

ut) 2 - 

Otfl " 

U69" 

.... 74 

•OA&UO 

.B/cCO 

•04690 

, IHMoq 

.127S0 . 

« D93u0 

. 1900(1 

.15900 . 

6k 

» -ip i oo 

. 09**8 

• 0 *u 1 i) 

• 1 P 2[>0 

.12250 

.00600 

.mono 

.13638 

. 104 

• 07>J-tt> 

* Obi CO 

• 03/r,5 . 

. .17200 

« 1 07S(j . 

• 0 7cn)0 

. 1 /ROO 

•12685 


»u luuo 

.06*00 

■03jnn 

. 16*00 

* 1 0250 

. 0 7*U0 

. 1/626 

•11923 

i*?_ 

_j07iioo_ 

-fflbOOO- 


-.mOOCL. 

_» 1 0?5D _ 

.. Q 1 f» J 9 . 

..moon _ 

• 1 1000 . . 

... T |Mfc 

<•5 

C 9 

wH 

9)5 

010 

<121 

OcH 

<127 

74 

,<i£3S0 

,(1D JE9 

.oojnn 

.02061 

.OnTeO 

.00173 

.0015? 

.01275 


.'23 = 0 

► 00/79 

■ooj/q 

.027(30 

.00690 

.on ms 

.001F9 

•01229 

1 0 * 

• .l? 2 “i 1 

. 00*20 

«O0j7o 

• 0 ?ono 

.00721 

•OolKE 

.00185 

.01225 

, 12 * 

• I'PiuO _ 

_. 0 Af-ca 

_.co J^a _ 

.02627- 

. » UQ7QD 

.ou ms . 

-.00165 

.01225 . 

l+e* 

* U?2tKi 

• OOP? 0 

• DO J^-5 

.02650 

• 00 7 21 

.00105 

. Ou 1 55 - 

.01260 
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■*' — tt 



012 

013 

‘"am * 

' "023' 

025" 

026 

031 

__ ___ U 

-»11750„ 

..*08735 _»0630Q- 

.*05600 — *.09200 .10600— j05*nn 

a 

•11163 

.00300 

*06200 

•065o0 

*08000 

.09900 

• 05200 


-.11250 

. *00000 . 

• 06190.. 

*05100 

.00300 

. .09200. 

-5=099 



• 1 1 1 3o 

.08000 

• 0501* 

•05000 

.00200 

.09000 

•0*700 


.10905 

.07039 

*05698 

•0*950 

.00200 

. • 090 J*.. 

..0*775 

....... « 

06*_ 

U55 

056 

U57 

059 

060 

Q6L 


*07000 

.05000 

.06800 

.05000 

.15200 

.11250 

.10300 


.. .07016 

.0579* 

.06*00 

.05100 . 

.1*800 . 

.10707 

.09992. 

c 

.06*00 

. 05 1 00 

.05100 

.0**00 

.13962 

.loooo 

• 09000 


.06200 

.0*900 

.0*7*2 

.03960 

. 13*00 

.05750 

.00700 

u 

.0601 0 

• J*9|>0 

•04600 

.0*100 

.13201 

.0*263 

*06000 


n?i)~ 

97] 

072” 

<17* _ 

079 ' 

<10O‘ " 

~ <i8 r 

U 

. 13900 

•lOOOO 

* 0.5600 

.16097 . 

.19320 

.0*900 

• 19500 . 

ll 

.12*71 

.00070 

.05125 

• 161(]0 

.18090 

.0*700 

.1*000 


• 11000 

.07900 

.0*200 

.156*7 

.10210 

.09*96 

>12000 


.10*00 

.07500 

• 04 00 0 

.15029 

.102(10 

.0*356 

. 1 1500 


. »U99SQ 

.*07500— 

-.04 010 

• 16000 _ 

10*32. _*05l)9Q . 

-• 10600- 

n 

036 

(1*2 

f>06 

008 

G»9 




.00630 

*00370 

.00325 

t (1,09*0 

.0009* 


’ 


.00590 

.00360 . 

.00320 

.00956 

.00093 




*0 Q^Rfl 

•00340 

.00307 

. 00900 

.00091 




..00570 . 

.. U03*6- 

*oo32a. _ 

« 0 1 Q09 — 

.00088 




.00658 

.00300 

• 0(13*5 

.0099* 

.00091 
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TEST CCNuIlIOMb ' TpST (jAS t.] TRUGEN 

flHiiLF fiF AJJAC* flS.OOn. uFG. . ........ .. 


"q-o*‘ sT-b ’based or » 2 i is ' i'nch* radius* 

. MODEL. LENGTH. 23. 226 INCHES 




n He -..A“f N F_RH^WNF_ T-I«F U-1NF K-INF O-JNF H£/FT PE-L 

«SkC >5 Ia LHH/Cl-Ft"dEG H FT/SEC ‘ PSIA jfiu-6 Xln-’J 
... . 52 ♦ .Ut)1774 1 D* ., 5n4H 11.45 . 6.541 . 3.0521 7.4551 

b P .()6?LJ4 .001372 118.3 6202 11.44 5.6B9 2.8019 5.4?31 

... . UO . n<ifliieO .001(19 123.3 6324 11*42 4 . 303 2.0352 3.935; 

^2 .03*5(305 .0009CI 115, (J 6179 H ,56 3.712 1.9876 3,6535 


T(J 


-H£. -v032tlQO..xOOillil3 R.‘t.a_.5&4i_j.i,64„_3,i.32._jj,i234_A,iiQ2_ 


_P0_ 

PSIA OFG R 
7132 2589 
6547 2P94 

524fl 
4662 


HO 


UTU/LHM 
7.087E 02 

7.972E 02 

3016 . 8.2B0E 02 .155.1 
2B96 7.909E 02 133.7 

1976 — 2453 §.587£_U 


00 BT U/ STO PO P HHE F bTU/ 


SOFT-SEc 
. 154.9 .02598 

167.3 .02964 

•03463 
.03651 

97.0 .03599 . 


P5U SuFT-SEC 

12,036 ,0757 „ 

10.524 .0711 

8.126 .0626 

6.856 .0567 

-5.763 .o5(iT 
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DATE * 1 i« 7-73 

HkujSCT iyHHFrf vAaSArZi^...,. — 
^ *« u . 1 S C, 

aHM)U1 air FC* 1 Ct.-5, T .AlrCH,.JeNN» 


HkbA / rt OM-ii shuttle iirhulh test 

HFA1 TPA>5FtH UATA ' 1** / HUFF 1 


TtHt 
5<- 
b 0 
«Q 
9d 
115 


cl 

.•f’ldi 
»-A0l T 
,534tj4 
.5uo3 
.09427 


C2 

*4<}436 

.37711 

,347t6 

,32/28 

.33199 


'll 

, 30100 
.27410 
,26u‘>3 
.2447? 
,?493l 


" '16 
,25565 
.24513 
.21529 
.1086* 
.20147 . 


Q7'*""UD 
..20 f '7o__jul.fl5 y 2 . 
,19996 ,17710 

.111377 ...16401 
.17366 .15646 

.17406 .» 1-201 


Tl^t . 
52 ‘ 
90 
H» 
9d 
112 


1)3* 

.10225 

.11234 

»u15J 7 
. j94t« 
»092o4 


O38 

22256 

,10999 

.<iH301 

-.07437. 

.nV-iS7 


U4) 

.25143 

,11769 

.0011 I 9 
.07273 
.08^41 


U4* ; 
.27U73' 
.16049 
.00594 
.074 >o 
.091?? 


04 7’ 052. 

■ 32439 ,16949 

.21579 *13»3£ 

.09194 .12166 

.07552 . ,11923 
.09202 .12322 


■ Olo 

ail 

...17254. 

_ .20832 

.15634 

.19756 

.14595 

.18033 

.13821 

,16483 

.13223 

.15336 

_ C5} 

014 

.i/oei 

.14208 

• 11014 

.11717 

• 10531 

.04274 

• 0*/3 1 8 

•00014 

.10152 

.110074 


" f.12 

.,21410. 
*19993 
.10621 
.17015 
.16529 


" U13 
,*11446_ 
il0832 
.10025. 
.09121 
.00035 


016 
.*16037. 
.13200 
,12639 
. 1?1 64 
,11771 


Q?3 

_a.4473. 

.11661 

.11153 

.10135 

.09659 


025 ' 026 ti31 

. . 1 80 1 Q_*12225_*16 o 01_ 
.15158 ,16166 .10289 

.14435 . ,14467 .10315. 

.12039 ,1?625 ,00999 

.12342 ,12342 . ,08585. 


_ 055. 

*22434 

.10663 

.07460 

.07464 

.07406 


°56. 

«3l’8d5 

.14404 

,08577 

.07140 

.08118 


__ 057_ 
.20013 
.17202 
.091 J2 
•00063 
.00629 


059 _ 
".25333* 
.14943 
*133«0 
. 1264 7 
.13093 


060. 

•24620 

,12601 

,10456 

,09304 

.10594 


061 Q 6?_ 

",25896 ,27083 
.11729 ,14904 
.09673 .00512 
,00258. ,.00064 
. 09029 .00540 


_ . a 


T}Ht 

52 

6u 

«u 

92 

— 112 . 


OC 3 
.2Slu« 

.|49t3 

.uAUll 
. 17264 
-.1)5 JHO 


1.64 

,?4?o7 

,14260 

.06519 

.00706 

—*07941, 


u6'; 

.30/86 
.15433 
,13398 
. 1 2(J R 9 
. *12/51. 


046 

,*3oH76 

,13741 

.08912, 

,u«093 

...08490. 


062 

.26744 

.16012 

#09534 

.QH249 

,.08565. 


000 

.39236 

.23053 

.21b7o 

.16910 

...16577 


G69 

,30626 

.16957 

,153Si 

,12726 

..16fit5. 


070 

.20597 

.14464 

.10564 

,04210 

_,lo6nl 
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.29717 
. 1 4168 
.10153 
.00975 
. *10656 


U72 

.201)40 

.114/3 

.07368 

.07140 

0/560. 


(774 

.36021 

.25942 

..23060 

.21017 

.*21945. 


079 

.42344 

.265 j5 
.25079 
.21876 
...22722- 


UMO 

.31779 

.17917 

.15142 

.14010 

-,14843.. 


llUl US 

.31043 .00826 

.1/697 .00021 

.*13681 .00797 

.12693 .00798 

_.1274SL_*008o3- 
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52 

. 00 
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=—92. 
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U9 

.02289 
,t122o 1 
.J?0i9 
... il2u62_ 
.*11946 
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.02391 
,02260 
• i>2 132 
-.023^2, 
.(ilvSo 


«15 
. 084/0 
,00209 
»07o17 
..<j7 7"4. 

»«7j41 


... ^lB 
.01818 
.01710 
.01660 
.-,.01596 
.015*9 


021 .. 
.00190 
»002d 5 
•0fl2?2 
. , 0C228-. 
,00227 
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.00097 
.00040 
.00100 
_• DO lOQ- 
,Ool03 
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,01077 

,01047 

.01757 

,.01687 

.01652 


036 
*00435 
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, 01)349 
--.003-9 
•00390 
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*00415 

.00353 

•00296 
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Uhb 

*00 126 
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• uou 7 
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•0Q273 
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OOOqO* 
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Q 210 O* 
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Oq 

n 

22100 * * 
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OOOOE* 

0000V" 
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91M92’ ' 
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,_2 ir* 
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00001 * 
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00500* 
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ooono* 
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9E£0f 

8l 0£l * "* 

00002* 
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05992* 
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16(92* 
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60n 
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556 
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»Yft 
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8Efi 
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98 u 

n 
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QOOlt* 

"02510* 

60551** 
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OOv^t * 
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Oyo 1 , 2 * 

62*2E* 
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QtrOHT* 
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02511* 
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PR " ' 


9 i960* 
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"OOOcig* 

25 ' 

jT” 

IEB 

9Z0 
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VjTif-tSEVA n.j8Wriu ID-j^nur* ‘ 
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) J } J j ’/ —i 
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* .. . mm , ... tl *>•*•«. 

"u«S* 1 1— 7“?3’ * 

„ PROJECT NllrdEH. M354rJ2lFA.... — 

^ aRP. I*C. _ 

_ARMQtU. AXR_FjCHCt^SlAllCMt_JEN«. 

NASA / R1 Of-U SRU'TTt.E OrtH|Tt» TEST 

\ 

’ JEST CCF.Ll I IONS' VSt*6A$ NITROGEN 

AN'M,E A}TACi< 3D.UQ0 uER* ... . . 

HHt _P-INF BH0-J6F T-1uF U-IfJ F H-lNF O INF RE/FT B E- l • 

~ *»5hC HSlA LPK/CU-F1 tjE« H FVSEC PSIA *10-6 Mo-6 

bb .063244 »B0l7fc5 ^ 3 * <3 Ss«7 n. SB . 5. 9J9...4 . 1031 7.9416 .. 

7ft ,0=4522 »0«!3‘i3 no. I 6„34 11.53 5.0?5 2*7591 5.3*02 

■Jd *p4p3e6 *o^ j94q -1 1?«2 6 A 2^3 11.6o . 3*805. . 2 « 0008 . 3.8726 

l3j .02FMV ,tl(HJt>9R lu7.t> bul* 11.63 2,722 1*5201 2.9*21 



tr 



o'- oV st-o *b aseo"on -2io" inch* radios 

.HODEi. lEjiOTH 23.226 IHChEs. 


Pd T O HO 00 Ht O/ STO PO P HR E F HTU/ u 

PSIA tlFG R UTU/LOH SOFT-SEC PSI* SUFT-5EC 

.6660 2375 6 .* 6 *E 02 130*2 .02576 10.966 ... ,o7o9 > ~ .« 

S99R 2756 t* 54IE 02 1*8.4 .03066 9. 383 .0669 

4H] 0 2R6B ~.77qE 02 132.0 .03563 7.037 ..0572 .« 

3545 2768 7.4UOE 02 lo7.6 .0*168 5.032 .0*83 





iJAtE * 11- 7-73 "" 

HRujECf VA35A-21 f * 

AH U , I^C. . _ 

aFI.\i:lO ALH P<3RCt_SlA. T -ICtt*...l£N:il« 

HASA / H ( Oh-11 SHUTttt UHHlTtH TEbT 

i-EAl TRVkSFtK DATA th / HHEF) 


(.1 

t 6 nr)(J 0 _ 

,5 C 128 

.51489 

.521(1 

' OJA 

.J7552 
• u6 7jo . 
.36144 


C2 

,33646 

.31208 

.28(98 

.29435 

Oif) 

.,09219.. 
. 0 7 >) 4 9 
,f)63i:7 
.05816 


,23 1 A7 .19896, 
.21 3*i? .17865 

. 19 j99 .15615 

. 19517 .16339 

04 1 044 

. ,10 79‘L-.. .1*5903. 
•nbAio .07unP 
.05319 .09925 

.05^59 ,05056 


Uo2 '163 U64 065 

_,U497_,;iO?35_ . Q 7tt51 « 1 72,35. 

.<)P9u2 .08182 .tl5b“o .14946 

.069(9 ..,06373 ,03u73 ,137 q2. 

.yf-462 .06 1 46 .03bf)0 ,147?3 

1.5 I»9 wl4 oi5 

. 016c6„.oqi*o4 _ ,00004 .04256 . 

,ol7E9 .oO 754 ,QU7?7 .03997 

.ul620 ...00119 . .O0oo2 .-.03079 
.i5]6e0 ,noT76 ,OOo85 .04l**6 


'"”"67*' 

_.15497_ 

.14057 

.12845. 

.13177 

047 

.,17161, 

.09?H3 

.05639 

.04515 

066' 
.,!45H9_ 
.10503 
.09225 . 

,0»H44 

016 

. .00735 

.00712 

• 007H7. 

.00868 


"* ' <.-f8 

Old 

'"on 

012 ‘ 

" * 013 

016 

Q23 


13666 

.11124,. 

,15519. 

,.,16665. 

.10941. 

..a .09614. 

-. ,0 R 770_ 

K 

12143 

.11336 

.14226 

.15448 

.09821 

.08924 

.08260 


11031 

.09326 

,12524 

.,13686. 

,08898 

.08187 

. .07365 


11401 

.09336 

.12446 

.13700 

.08792 

.08143 

.07160 

. 

06 0 

052 

053 

054' 

U55 

056 

" 057 

* • ‘ 

14837 

,11535 

.09960. 

.QH3B9 

0884 8. 

, 10150. 

—,12428 

t 

06823 

. lul b 1 

.0H6BH 

.07237 

•06465 

.07294 

.07873 

* 

03749 

. ()9? 7 0 

.Q77O0 

•06118 

» 04 566 

■ 04474. 

.04495 

* 

02015 

.09457 

.07796 

.07014 

.04904 

.04219 

.04273 

* 

Uti2 

U£8 


070 

U71 

072 

074 


liOOQ 

,14437 

.11111 

0*317 

,.•088 jj 

_ ,06317. 

-,39453 

9 

l03o2 

.13269 

,09293 

, 06957 

. ObbfiJ 

.04510 

.25394 

* 

06303 

,Ul4fi 

,09315 

.06623 

.05874 

,0412b 

.1«395 

. « 

08045 

* I 21 1 7 

.09331 

.06691 

.06218 

.04509 

.16619 

» 

021 

02 B 

<1?7 

036 

842 

0«6 

(IHE 


QD2i>1 

.OUlH 

.01689 

*00577 

..60446 

01)190. 

—.00851 . 

00194 

•0o'5l 

.01597 

.00565 

.00414 

.00194 

.00834 

• 

00192 

. .00146 

•01460 

.00542 

.U044S 

. .00205 

..,00844 

* 

00194 

.00151 

«0l 530 

.00540 

•V«491 

•00?34 

• 00*91 3 

* 


02fi 

_.12848_ 

.11444 

..10415. 

.10122 


080 

-.37549. 

.29150 

.16002 

.11043 


Q31 

jJPB32Q_ 

,076d8 

,06707. 

.06536 

061 ” 

12265_ 

,10182 

,08610. 

•08300 

* 061' 
.,43359. 
,348b8 
.2986, 
.28777 


RUN 4524 
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UAIF '* 11-7-13""*'““"* ' * 

HRojtiCI hUmheR »A354r.2]FA .... — — .* 

A FI L • INC* 

*R4U1.I> A1H Fr)«CE ST>T(Ctt*__TeNf(, .« 

HASA / HI 01*- 1 1 SHUTTLE nftftlTtH TEST 

. ... ... . . . i . 


AN-iLF FF AtTACrt 3S,Q00 uE6. .... H01EL LENGTH 23.226 INCHES .. 


Tl«c 

P- 1 Nh 

»hO-|NF 

T-InF 

U-tMF M-INF 

0-INF 

FE/FT 

PE-L 

P0 

TO HO 


00 BTU/ STO 

POP 

href btu/ 

MSEC 

MS! A UlM/CU-FT 

UEl* H 

F T/5EC 

PS1A 

*10-6 

*10-6 

PSlA 

OFC fl OtU/LOrt 

SOF T-SE.C 

PS I A 

SuFT-SEC 

U4 . 

• o l fc 9g7 

.001157 

f*l«I 

6a30 14.55 

5.320.. 

.3.6316 

7.0229 .. 

17513 

3014 0.715E 

02 

162*0 >03270 

. 9.SS8 

.0739 ... 

102 

.013951 

• 000*5 45 

93.0 

6914 14.32 

4.H72 

2.7142 

6.2534 

1601? 

3375 9.7/BE 

02 

?05. 3 -03722 

9.037 

.0724 

12« 

*0 3f>6 IS 

.000767 

1 04.4 

7<!06 14.15. 

.4.297.. 

2*0635 

J.SH39 

14209 

3670 . 1 *063E 

03 

213.4 .04153 

7.975 

. .0682 .. 

iSu 

.027639 

• u006d6 

ll>4.9 

1 5 02 14.07 

3.014 

1.0295 

3.5409 

1246ft 

366ft J.obfaE 

03 

199.5 .04391 

7.079 

.0630 
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tJAIfi a 
HBOj£Cf 
4H«;. INC 
aHmji.0 a 
NASA / I) 


11- 7-73 - - - 

VA3S4r2IEA. 

IB F^CE-SIaHO/), .TE^rt. 

I Of- J1 tHUTTLE OHHlTtB Tf ST 


8f Al 

THA^BFtB 

DAtA ‘ 

the 

81 

c? 

04 

•66120 

,41335 

102 

• t^Oo? 

. 39*, 1 6 

124 

« 6*0 1 7 

. .397C4 

15) 

.69748 

• 36?65 

1|M t 

1/34 

1.38 

- 84 

— .14 J06 _ 

. j 1 5 ! fc 0 _ 

102’ 

.170/3 

.1251? 

124 

• 1 0 929 

.10=59 

1 5') 

.084 JO 

.*18767 

1 I M t 

Je2 

U63 

„ 64 

_ ,2c7e8 

,10229 _ 

1U2 " 

.17460 

,144fl9 

12* 

.130=3 

.11=22 

1 6 j 

, l06'*3 

.09922 

THE 

„9 

M* 

Ho 

,00996 

. 017CH 

102 

. jn9ou 

• Hit’ll 

12“* 

•009J5 

• til5C 7. 

15j 

•00935 

.0 1 3=2 


»3 

,?«147 

•77|h? 

.gHej i 

.24a6fi 

u*> 1 

• 17 uSil , 
• 13 | To 


Uni* 

,33290.. 

. io/n 

•0&241 

.l)6oH? 

wlS 

, 06 llS 

,0SVii3 

.PSo'vi 

. 06/20 


06 

•24255_ 

.23549 

•2299 0 

.20593 

U44 

-.17820. 

.1441)7 

»1?055 

.09370 

J f>5 

.,*250**2 . 
• 233*% | 

.10441 

- 

*718 
. 00^24 
.00954 

.anna 

.01020 


01 

.»I5D16_ 
•1H9RI 
•I09SU . 
•17053 

04 7 

j1908T_. 

. 150*34 
.132*2 
.12163 

066 
. .21 747 . 
.20076 
.15173 
.11267 

021 ' 

.. 00233. 
.0021A 
• 0O25H 
.00239 


■ fie "* Olo 

-.*16939 ... lJOe ? 

.16472 . 136=1 

.16665 ,13=04 

.15328 ,|2fi76 

050 05? 

.13414 *166*1 2_ 

.121*39 ,1465? 

.10205 .lJPEg 
.06963 ,1246 b 

06? I)£fl 

.lt'634. . .2^013 
•17784 ,2l=9n 

. 1 146f*J , ,2o?9= 
•04305 ,19847 


oil 012 

.♦16796 _*17?19 
.16368 .17Pfl5~ 

*16507 *17861 

.16110 .17329 


653 

_.1&647_ 

.14Bto 

•133)4 

.11317 

069 

*25o?4_ 

. 22 Pn 2 

•l«9)o 

* 1 6 V ift 


0S4 

.16202 

•14605 

•11592 

•10)72 

070 
•21722 
• 1 9726 
.15349 
*12499 


~Ol3 
H030. 
*10913 
.12008 
.69798 

065 
.18632, 
•15631 
• 12013 
.08191 

0/2 
.12634 
.1 127o 
.07947 
'• 063 79 


Ql6‘ 

-4 12065., 
.11649 
. ll n 03 , 
•1 1?0? 

056 

_.20410_ 

.17522 

*12966 

,10440 

0/4 

-.28707 _ 

.24939 

.23824 

.2?h«4 


' 025 026 Q 31 — 

-ill *40 *1+222 — *J40QO jJ2760 

•10390 .13170 .14048 .10536 

.09850 . 12932 ... 14027 . .09206 

.0H9H8 .12589 .13050 ,,08614"" 

057 059 060 061 — 

>16006—, 23265 — .20622 _*20681 


V 


- .« 


028 
-.01/097 
.00122 
.00127 
• 00U2 


027 

.01709 

.01 71b 
.01659 . 
.01646 


036 042 086 069 

*$!!*}!!' *00105 «i)Ol40_ »0o2l5 

. 00)23 .1)0112 ,00215 

>00097 • 1)0 1 34 . ,on?ll 


•00095 

>00089 


.00129 .00152 .00101 ,002urt 


• 137(*7 .21926 .17073 .17923 

.10662 .19Q43 .1*920 • HI 03 „ 

•09361 .16579 .12743 .11350 

<779 080 OBI 05 •“ 

■*«S e 2“'11 ,D !— * 3 l 35 2-.01l42, 

• ?49]8 .37oi)0 .2/642 .01164 

*^569 .15733 _ .01176 

• t 4575 ,2?9h7 . 13697 .01210 

3088 

.00879 _ 

.01042 
.01096 .. 

.01203 


U 


...... . 


- ...... 



ORIGINAL PAGE IS 

OE PCIOT? OTTATTW 


' UA7E * 11-7-73 

HRCJECI «U*rjER. VM54T21FA..... . 

ftfiu* INC* 

_ flttNOLlJ Ain Pni*CE_STn.TjCW,_ TENN* 

HAbA / HI 01— 111 iHUTTLE CHhIT&H 7Ei7 


*EAI 

THAi.SFtH 

DaIA'IO/UHEFj' " 








T | Mt 

J1 

' c 2 

03 

<16 

07 

' ua 

Olo 

Oil 

012 

HA 

.661 .Jl 

*39600 

,26500 

•226?2 

17600 •JL-i’OQ.. 

*MBO0__*15369_ 

-J.6213. 

‘ 102 

• 6 C J* A 

.37600 

• 25o! r> 

.220no 

.17600 

.15200 

*12510 

*15000 

.16*00 

l?4 

.6Aj>00 

.30 loo 

*?7(j ftq 

• 215<)0 

• 17600... 

..15400 

.12400 

. -15197 

•16*00 

tbj 

.^9732 

.36*00 

.2346? 

.192*9 

.15831 

.14162 

.11022 

.14000 

.15912 

■""Time 

■ ’ '.j34' 


uM 

044 

047 " 

UbQ 

' Q5? 

053 

" 054 

H*. 

. . ,.12*00. 

,13*00 

.. .15a00. 

.162ua. 

...17200 .12000 

. 1 4400 

.15200. 

_ji4pOQ. 

102 

,llOO0 

.1MOO 

, 12uOO 

. 1 32n0 

.13600 

.10916 

.M5A3 

,135=2 

.13370 

124 

. .lPOJO 

. . 10 0 0 0 

.1 ObL'0 

.nooo 

. .12000.. 

,04170 

.12*00 

.12200 

.10626 

15" 

. u7665 

*06000 

.OHanfl 

.1)0560 

.11006 

.00000 

.11505 

.10308 

.09325 

’ * *" * IIMt 

-Jo2 

963 


U65 

066 

*902 

OtH 

069 

070 

H** 

_ .JO00P. 

.ibotin 

• 11000, 

. 230QQ. 

_i.2oooa_. 

-•J 7.000 

,23000. 

„.2300Q .20000 

M2 

• 1600(1 

.13600 

.09000 

.215*0 

.18500 

. 162-+3 

*19900 

.21000 

.1*198 

1?4 

. 1 ?3Q0 

...10*00 

•97440 

.16994 

...14000 

UC510 

.19000 

•17456 

. .14170 

15 j 

* 

.09063 

.06000 

,14554 

.10395 

.08511 

.16310 

•152*6 

.11545 

Tint 

(.9 

«I4 

ulS 

010 

021 

920 

027 

036 

042 

Hfc 

,>ioh;5 

* .9 1500. 

»05J7 0 . 

_*00<U? ,UQ2P5_ 

*00005. 

. Q150Q 

...•00104. 

-*00162. 

102 

.on ho 3 

, 01436 

.05200 

.001)40 

.00210 

.00107 

,01514 

•OOOH4 

.001 08 

12« 

*'jnrt25 

.01 33d 

,05200 

,00H<0 

. 0O2PH 

.00112 

,01600 

.0007H 

•0PPP6 

150 

.*04*5 

.01220 

.05o*9 

.00900 

.00255 

.00M3 

.01453 

.00114 

*003 3* 


013 

016 

' 023 

"025 

026 

031 

mmm J* 

•Q9b86 

.11000 .10400 

.12929 J.3454 

.11600 

A 

• 09 6 1 4 

.10644 

.09407 

•12000 

.12600 

•09600 


• l0 b 00 . 

•10000 

*qH9S8 

..11800 

. .12600. 

..*06400 

mmm JL 

.00649 

•10?55 

•00202 

.11447 

.11915 

.07860 

* 

U55 

056 

U57 

059 

Q60~ 

061 


.17000 

. 1S500 

.l52no .21500 

.1900(1- 

_*1900D 

U 

.I44f6 

.159*0 

.12500 

,2(j3o0 

.1*500 

•16000 



*UU«0 *1 IA1 1 .09681 . .17653 .*13791 


iu7500 

.09500 

.00500 

.15368 

.11776 

.10462 

072 

074 

Q?9 

Q0O 

081 

05 

* 1 Moo 

.2A4*3_ 

-.*27711- 

,38579 

—.2*800 

..*01003. 

. 10^00 

.23000 

•23000 

.34136 

.19000 

.01025 

io72tJ0 

.22000 

...22290 . 

. ,20231 

, 14500 

.01038 

i .U5779 

.21132 

.22711 

.24000 

.1*624 

.01075 


Utjb Oo9 

. *UOH0 » 0 0 1 0 9_ 

.00116 .00190 

.oona .oolo6 

*00160 .00l»4 


-- 1 


- - 63 


RUN 4525 


r?-- -‘r.'Wi- * »*»*-»■■*•*** v-* 


( 


* 11-' w‘3 

PPOjECI HU»6Ert...VA354-Ji( J A — 

i^Co 

aHn'JLD- AIR FCHC£— ST_ft.IlCW*„lENf(a = r — 

NAba / ai or- u Shuttle okbi itR test 

U-n*’ ST-o"f)ASEO~ on ‘ .aid inch' hadiUs 
HOO^L LENGTH 23.226 INCHES.. 


TIME 

P-1NF 

RHO-lAF 

T-loF 

U-INF M-INF 

O-INF 

PE/FT 

RE-L 

PO 

TO 

HO 


00 «TU/ sto 

POP 

HREF 0TU/ 

Cl 

MSEC 

MS I A LHM/CO-FT 

|lE(J R 

FT/SFC 

PSlA 

310-6 

Xlo-6 

PSIA 

DFG ft 

dTU/Lttrt 

SOFT-SEC 

PSlA 

5ijFT-SEC 


H* 

*G?p?UH 

.0007)5 

73#o 

6iA5 14.35 

2.911. 

..2.3182 

4.4869. 

..9336 

2777 

7.723E 

02 

114.6 .04065 

5.388 

. .0512 ... 

,,, , . q 

12i) 

•019111 

,000636 

70.4 

6j3fi 14.35 

2 .754 

2.0022 

3.6752 

9123 

2942 

8.211E 

02 

121.3 .04370 

S.I01 

.05o5 


142 

*(jl P?lt3 

.090527 

90.2 

6o73 14.10 

2*532. 

-1.5201. 

2.5422 . 

B]99 

3?50 . 

9-116E 

02 

133.7 .Q4Pe6 

4.692 

.0493 .... 

n 

104 

•0 1 F9eb 

•OOU446 

93.0 

6798 14.10 

2.223 

1.2622 

2.4429 

7*23 

3373 

9.401E 

02 

131.5 .05338 

4.121 

*0464 
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ANGLE <*F'A|TAC& 35.006 U^G# ...... 
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* ' OATS'* I 

... HHUJECT VA354*21FA 

' ahu, Inc* 

_.*PNOlL> *ts FO^CE-STaTICM. TENri* 

NAba / ri n(— i j(. shuttle OHjtHtH test 


HEAl TRANSFER DATA (0/OHEF) 


" til C2 

_.fc?l)C0 *3bOOQ. 

,fc?0l)O *3bboo 
.•k?U0O. ..,36969 
.t>SUU0 .36/70 

034 U3H 

.*tl72jD— _.o7'JOO_ 

*o72jo .oTnoo 
. .i)7t|s5_;.o64CQ 
.'J72i4 .86465 


"03 

• 25jslo 

.?6(]oo 

*27aoo 

u41 

*o73?2 

•06T?0 

.06171 


06 07 '08 

j 2 1 0 D D _* 16 6 0 Q_ilA6 0 0. . 
•21589 .16600 • 1460Q 

» 22270 .. .17049-.* 1*965. 
.21073 .18400 *16000 


044 

.. 06590. 
* 06 1 00 
.06000 
.0546] 


lib 

_ •0?4u0 ,C5?C0„ 

„? 14800 

1 1 5 0 0 

,09800 

1 2n 

*C74 jfl 

.04000 

* 15jon 

.1124? 

.09423 

142 

. .073(10 , 

.,04175 

, 1 4noij 

. 1 0646 

.06623 

164 

.97021 

.94148 

•I4u2? 

• 1 (124(1 

,O0]69 

time 

U 14 

N15 

uln 


028 

116. 

_ .01 350 

,.054s0 

.. , o 1 o 1 0 

,00254 

..,00116 

12*i 

.013,7 


• 0 1 0 1 5 

.00260 

.00125 

.. 1*2 

.. .01215 . 

»[l5f-C7 

« fi 1 ii? 5 

.. .00277 

.00144 

1 b4 

. 0126b 

,05000 

,01907 

,00280 

.00167 


047 UbO 

.66471 .0390C , 

*06?00 .03000 

.05500 ...03400 
.04973 .03200 

0«2 * " UoB 
>09ft00_ . j 1 1 4 o 0 
.09433 . 1 1 377 

>06623 ... IB2U0 
.00169 .15200 


U27 

• 01461 

,01418 
. , 0 1 4b6 
.01515 


Olo 

.-*11655 

.11660 

.11519 

.11474 

05? 
-.12500 
,12555 
.12000 
. 12000 

069 

-.15200 

.15257 

.1=400 

.15000 

036 

. . 0UQ62 

.00070 

.00057 

.00100 


oil 

012 

013" 

016 

... 14000. 

— *15600. 

*3)9500 .lnoo'i 

,142po 

•15600 

• t)9b0Q 

,l0H5 

•1*600 

•15653 

. •09400.. 

•09621 

,1*400 

,15800 

.09051 

.09460 

Q57 

Q54 

055 

Qbb 

-.09800 

— .061 00 

07200 .07000. 

•09fln0 

.oa?oo 

•o7Joo 

. 069()(J 

.G905* 

.06300 

.07400 

• 069()0 

.09880 

.08400 

• 074[)0 

.07172 

67(1 

072 

U74 

0/9 

-•II5Q0 

. *05400 

. .COOOO _ 

. ,22000 

•11374 

•05175 

.40 1 46 

»2??39 

• 1I5()0 

. *05453 

*19979 

•2?Q42 

•11500 

•05306 

•20000 

.21666 

042 

086 

U8U 

0b9 

...00075 

.•OOIHQ . 

00760 

jOOI 90 . 

.00090 

•00185 

.00760 

.0(11 79 

.00145 

.00210 

•OOBIO 

,00155 

.00194 

•00232 

•00906 

.00164 


023 025' 'Q26 031* 

-*.07600 *12330 -.13500 »0? 4nn 

•079o0 *12250 .13633 .075 q0 

.07679. ...11750 *12831 .0?4{)0 

.064Q0 .11500 .12250 .q75qo 


057 059 

-.06400 .15400- 

.06156 ,15600 

.OSboO ,15b00 
.06212 .14995 

UBO 061 ' 

-.22000 * . 3500 

•21000 .13000 

.,14245 . .12361 
•12031 .10665 


Q61 ” Q62* 

-*1000Q-_.OB200_ 
.lOOOO .06200 
.10027 ..,07977. 
.09985 .0769(3 

05 * 09* 

-=.01075 _• 00640- 
*01075 .00640 

-•01096 . .00630 
.01100 .00690 


PUN 4525 


I 


f- 
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•” OAtE • H- 1-73 

project nU«i?f^...w J d3S4r21EA 

*R|’» lac, 

aR.-OLU At n tQHC£.-SlAT i I^j..T£N rl , 

nasa / rj on-11 shuttle 0RBiTt« test 

TEST CCHU 1 1 tlJfiS TFSt GAS WITROGEN 

ANGLE CF AITAC^ 35.000 UEG. 


T|«t 

P-INF 

Run- 1 bp 

T-trlF 

U-INF H-INF 

O-INF 

RE/FT 

RE-L 

PO 

TO 

HQ 


00 BTU/ 

STO 

POP 

HREF BTU/ 

MSEC 

PSIA LBH/CU-FT 

UEG H 

FT/ SEC 

PS I A 

A 10-6 

*10-6 

PSIA 

OFG R 

BTU/LBM 

SQF T-SEC 

PSIA 

SflF T-SEC 

.. .. H 

.9322*0 

•000553 

152.6 

b"25 U*09.. 

2.701) 

„..9G57. 

1.6691 

32*0 

3*9* 

9.67«E 

02 

152.9 

.0*653 

5.1So 

.0510 

92 

»n2=5l7 

.000*34 

153.7 

6ri50 ll»0O 

2.19* 

.7531 

l.*577 

2602 

3523 

9,T*oE 

02 

137.0 

.05*6* 

4*065 

.0*59 

, H* 

.019592 

. QQ0344 

1*0.9 

.5703 11*15. 

1-705. 

*6(199 

. 1-1^05 .. 

.. 2092 

3*65 

9.555E 

02 

117.9 

.06153 

..3,156 

. .0403 

I3i 

.016209 

,000326 

130,4 

Gjd4 11*21 

1.63* 

.622* 

1«2046 

1739 

3107 

0.*5B£ 

02 

91.0 

.06136 

2.653 

.0355 


a-Ot’ST-O BASED ON’-Vsid ’ IHCH' R AOl tls' 

MODEL LENGTH 23,226 INCHES 


’ HATE * 11- 1-Y3 - . 

. vsujEcr rusher va35a*2jea * “ 

Add * lAC . - t > 

.. a*'OlD AJR FtlHcE.SlA.lLCHi.TtNNi. 

*asa / ri oi’-u shuttle orbiTur test : — — * 

heat TRANSFER data ■ tH / HriEFl ' * - - - - * 


Time 

1.1 "" 02 

<)3 ' 

06 

_ 7? 

... ,6*95:3 , S3?6B 

Il*?37*9 

..1.97*5 

92 

.8*5lb ,3*359 

.23323 

.19*71 

. 112 

.S*115 ,33361 

.23115 

.17121 

1 3o 

,b56jb .323*9 

.231*5 

,16933 

■’ Tl^t 

03* G3H 

9*1 

0** 

72 

— .Of 1 012 .1)7*58 .CO^IO » 06.55 1_ 

90 

•uP I 13 .(,7726 

•0712P 

.06660 

112 

• J7U50 ,07*59 

• 06 o ,, 2 

.06662 

I3i) 

• t> 

. 06 b?n 

. O&0«9 

TjMt 

(Jb2 C.C3 ‘ 

96* 

965 ‘ 

72 

• 37237 *nt)S£5 

«n*2T3 

, 141Q1_ 

92 

.07711 .nb7ti' 

,0**5" 

» 1*659 

U2 

.07312 ,ob*£5 

. .0*1*1 

,na*B 

13-J 

.07130 .1)65*5 

■ 0*359 

.13961 

■ n*e 

G9 " i.j a 

915 

910 

72 

. CO 79* . 0 1 1 6* 

-.05323 

.10500 . 

92 

» , )077l • 0 1 1 1 5 7 

.05231 

.11)909 

112 

. .*00753.. .00976 

.05105.. 

.11117 . 

13,' 

.00761 .00887 

* q£>u 0*» 

.1089* 


-Q7* 


0*7' 


"“Off QlO 

13B5 * .11 335 


uSn 


.05980 ■ 03306 


' 066’ 

i.i an a . 


021 


( Jd2 

, 07550 .. 


CS? 

-.10727. 

*10509 

*10167 

.10205 

CtB 
j 19201 
.19503 
,10226 
* 1 7910 


Q2fl ” 0?7 


oil 

- tJ * SR3 _ 

. 1 * 06 * 

-1*312 

.1*6*9 

053 

.•005*7. 

*00955 
*06520 
• 0d3l 9 

0*9 

15*** 

.15603* 

»l*b52 

. 1**06 

036 

_..00l*7_. 

.0016* 

*00170 

•00173 


Q12 

_.J6695_ 

*16120 

.15*79 

.151*? 

05* 

-*07315_ 

*07532 

•07?07 

*07*59 

(170 

...12]3* . 
. 1202 * 
*11052, 
.11072 

0*2 

.*00306.. 

•00329 

.00329 

•00319 


‘ 013 
..09187 
.09636 
; 091*6 
*09329 

055 

-•06230. 

•06229 

*06121 

.0567* 

072 

,0*861_ 

.05271 

.0530* 

.05222 

Qh6 

.■ 00lb9 _ 
• U02l 0 
*00261 
Ifl0276 


016 

-* 10399 , 
.10369 
*1 006* 
*10255 

056 
_. 059*0 
.05629 
.05762 
.05733 

07* 

. 2 (> 999 _ 
. 21 * 7 1 ~" 
.21027 
.20022 


Q23 

-*I1.9312_ 

.09*31 

.09215 

•092o3 

057 

-.05*56 . 
.0551* 
*05*02 
.05193 

079 
_ .2?5?2 
.22953 
.22525 
.2)052 

use 

-.01230.. 
•01191 
..01123 . 
•Olio* 


025 

_*. U * 8(L 

.115*6 

.11119. 

.10851 

as9 

_>1362*_ 

.133*3 

.125*6 

•12*38 

OBO 

_.156o3 

• 1* 5*3 
.127BB 
. 12556 


026 

.17626 


03V' 

.QB3 36 


.118** 

.10761. 

*10*73 


.0855* 

.08369 

•08867 


... 


060 

-j 1 Ij* 60 -. 

.10392 

•0*962 

•0992* 

Qbl 

- 5 11672 , 
. 1221 * 
.12760 
.13600 


061 ‘ 
-•09233 
.09335 
• 089|)* 
.08*65 

• 05* 
^ 012L9 _ 
.01219 
.01206 
.01209 


o 


c 


089 " 

.00193 

*00209 
• 00225... 
•00225 



c * 

\ 

gate • 

hBojeCT 

*HU, lM 

_ *flM)LU 

r r 





■ 

1 

i 

f 

f 

f 

{ 


{ 

V 

•• > 

* 
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HF*T 

THftfVhhtK OAT A 














r V -^j r' 

TlHfc 

(.1 c? 

U3‘" 

i) 6 ' 

o r 

‘Off 

OH 

OH 

012 

013 "‘*016 

023 

025 

026 

03 V 

— * 

* 

r .. , r .y 

f?v >>; 

72 

„ *5*938— ,3193? „ 

*22*00 .IMS* _.i* 600 _ .12791 ,10*00 *13380. 

.*14*00. 

__*0S10Q— .*09500 tOfl*90_ 

* 1 0*66 ,io 6 no io76no 


M 

v j /i'y 

92 

• 545(10 «33uQ0 

• 22(100 

♦ 1 H 2 O 0 

. 1**00 

*12800 

.10666 

*13750 

.1*900 

*08500 *09500 

•08600 

*10529 

.10000 

•07800 



Q S' 

H 2 

•5*000 . .32000 

.21600 

*l 6 li <)0 

• 1 ** 00 . 

„. 12 *J 0 

.. .101*9 

.*13130 

* 1*200 

•081 00 .09200 

•09400 

*10136 .. 

.09810, 

..*07629 


m 

lv0 

130 

.55620 * 3 1 o C 0 

* 21 d 00 

. 15000 

. 1*200 

.13067 

.1055H 

*13412 

.1386* 

*08200 .09356 

*08372 

*09871 

.0*800 

.06066 



33 ^ 

Tl»t 

U3*'“ 03«‘ " 

u*1 

9*4' 

0*7 

«So 

05? 

053 

05* 

055 056 

057 

0S9 

' 060 

Q61 

— - 

Q 

P;» 

r? 

_ .0730* ,C*>-JQQ___ 

. 06 J ?0 

-.0*000 .05000 j 03 1 00. 

_, 0*900 

_.0610Q 

.Q670Q, 

_*05700 .05*0 0 » 0*9so_ 

12620 .09662. 

*08505. 




92 

.07*00 .OTIOO 

.C 6 ano 

.06100 

.05500 

.03140 

.09700 

.00200 

.06000 

.05700 .05300 

.05003 

.12380 

•O 460 O 

.08600 



t~* cy 

112 

. .072(30 ,Q6b30 

,06100 .. 

*o*ioo 

.05172 

.03000 

.09*00 

.07000 

.06600 

.05600 .05238 

•0*9fl0 

.11620 

.09200 

.08200 


11 „ 

l^i & 

l3t 

e o7*uo .06955 

.UbCll 

.05519 

.05*00 

.03032 

.09*00 

.07500 

.07000 

.05363 ,05200 

•0*7fl0 

.1150(1 

.041*8 

.07800 



H- ft 

’■’ nut 

U62 * Ufc3 

U64 ' 

<765 

066 

Uu? 

069 

069 

070 

U72 87* 

079 

Q 0 O * 

Q81 

05 

— 

, .. . r « 


V 

.06633 _j 06 lJll 

-f03 7*7_ 

,.1306I__s0932*. 

—,06900. 

-.17701 

_.*1*250 

..*11200 

_* 04*00 .. .19377 

•2O0QO 

.•1**00— .1C750 

*01075. 


11 


92 

»‘j70bO . Obi 72 

•u*uon 

.13600 

.09426 

.07500 

.17962 

.1*390 

•11100 

•04772 ,20000 

*21200 

.13239 

.1125a 

.01075 




112 

...P6700 ..>05»C0. 

.03 751.. 

.12750 

..*09003 

*070-15 

. *16000 

.*13500 

. *10200 

•UAbOQ ,19*00 

. *20000 

...lieoo 

.11750. 

. .01063 


,« 


13j 

.06521 *05961 

*03400 

.12830 

.06500 

•06900 

*16470 

*13250 

• 10?00 

*04715 .18*39 

.19*10 

•11565 

.12500 

•01063 




* * Tin*- 

’ t.9 (.1* 

Ul5 

'Mr 

021 

U2h 

027 

016 

0*2 

Gtifi 

030 

0n9 


... 





V 2 

_ ,00700 *01326 ,p*993_ 

,09260 

_*00265__,00125 

01350. 

..*00130 

.. *00270 

•OOl *0 

tDloe* ,00170 




... 


O? 

.Cqadu .00*32 

.0*61* 

.097no 

.09265 

.00132 

.013*0 

.001*5 

.00290 

.00186 

.01050 

.00184 






. . . . 112 

,0066* . .00661 

,0*600 

.uortno . 

.00255, 

.,00120 

,01300 

.00150 

.00290 

.00230 

.00990 

.00198 






‘ 13J 

,00660 .00760 

.0*>*00 

,09*00 

.00235 

.0012* 

,01200 

.00152 

>00290 

•002*3 

.00970 

.00190 






« 





JM 


fc H 




ft 


it" 


» 
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